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6 |ERERER 37°CTHARLTEDE 37°C. L|RAIEL TER THERAEE, K R TRk KiFEI T A7 75 LEREAE R TORYAIFREIFDA AR T
B9 HnE, N ERABEBAET|ERFANSNEL, &)Y ENRELIBIC, (ITEASNDIEZOMEE. RBFICEHLE|D —RFLTHE
RTIICHERISRHE KFRTORVTERIZER T, DEICHLT RS AMENESEND, (B RN &, Inflow &|H-ERERT DL
FERE, ERTHR, N—hNENDILERE Outflow @ Conduit|R, KiEh M &H >
LN ? 1. BRERTHEAT 3[154&. BSCITVR
LOLRAMBRK(BLYT LERVTEE
RO ZFEATHIR|BFLLL. hTiEE
EN L7,
7 |HHEE—EICRO| (RERMRFERFH EMESHR TRUBTZE L RS RERO LB D (SEIFHEBERE
HRE—E, ERTHLRER.) LI TIEEERIEK, R LA f-0ICIEAR- ) o1 12D&F | RFEMMY|
PAQE =7 . SRELTER.)
o
e
ASAI [37£3°C 37+3°C SHEIEK (09%NaCl) Foah7EL LTOHEL FLER|
o- HETHE, EE
T 535
STS SEERITROT
<o
[SO [[REREE(35-40°C) |'BEESA%E(35-40°C)  [EHEIEIK(09%NaC) . fl:pH EE|IHBIEY Y EIEE M) HIEE—F DRE|
14708 #(7.15-7.50) . 6 FE (35+03m| B &, HRALLLMS 12ES< RO
N Pas) . it & (25-8.0L/min) BITEHA, 1T, T | T
-6 ~ FRAT D 1=
STk BT B, BELA
JLIZIEC =Rt E %
RHTHLZE,
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3.1.2 MAMHERRICET 5F LD

1. MAMEEREBROERA

RV BHFICEDONT, HEOFEAICELWTEERICAH S EBONSEREZEH T, VA TLA
[CHREGZWVWC LEFITHI L%, MANHBOBNLE T S, LHELIBEFEZRRICT HHIE. BEE
ENERBMICHRAR-EHICL D, ETDAIRY M ERBLBET D ENERTHD, 1R A
CH=maIc, HBREZTBU1560. 17950 % (T3 D& DHIT) FRNTRHTH<,

2. AR TREY DRESM
HA R4 VITWSEROSEYE (EBEZFMEHR. £5F/18—) &

1) FAKIZITEEEIEK (0. wthNaCl) F£=1F7 )t VEIEKER GEERE) 2RA0S, Z0fit
DFFZEHERT DHELEHAZEMZ 5.

F. Y EFERABICHIETE D L OARE, FFEITH L TIFEBKRMTHS.

2) RERTNAZAASNES, ER 3T Ex IEITHET 5.

3) HMENRDFESE : BFEIEBOERAEN TR ZIDEEREEGCEDE, T2LEEDELS
[ZERTE LI=AEENER - REEMFTTRY ., BFEHICL >TRHBRORELHY 255N &5
BHZEMZ %,

4) RENRE : BHFBICIVERB/NI—2%, REELL FHE) LLTRYALIENTESD,

3. AR FNREFFOXE (1)
THAERER S X T L&, #ERT/N\M X, RAEEK., oY - ERRZHOHDS,

1) HETNNARBEDARY b RAMICHERZZ1E L THERE.

2) HERTNA ADEREE - 8 LEDOS5HEEBREICKL SHVWVERBERLGEREN (FE.
EE.IBEIR) (X, OREZ A LEHEERL-LTEELTHEIT. T, 88T/ \1 ADEHE
DREETEAFE SN SEREMIC DUV TILEARTIT,

3) FAREER - IRBHED ANk KENENE LI5S, HRDBY T/31 REMEEHIF L= F
FEE L CHRRRT,. TN\M RZFLSELHEE. DR 21 LEEEL TEF. BRREAOR
. HEOHEELINIZTEEND,

4) oY - BEBEROAAD L HRDBYBELT, HHWMINY I Ty TITIYEZ T, HEREE

7.
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3.2 AILfEIcL2BEER [(FRiRaTFEE]
3.2.1 BEERICEYTIERT 47— MER

K7 Ur— FREIK. AFBICH T 2EEIATDRBEEEGSNOBEET - tRBFROBTKZEHASHNICL.
Destination Therapy #&&-REBIIATLEEZED QOL DM L% BIEL-HMAILRBEEEETOY
SLERETDH-OOEFREDEREENT S LEBME LT, MBIATOREABEERES 18 kLY
E&%Bfz, S0 18 FEERIZHELTIE, 399 BIOHEIAT DG ZRRER L. 55, 329 i (82. 5%) AMAS %
EXFFEHAEMAIDE CTH - 1=, BEEERAEBEEEZ R 5N DT /1 ADEAIL . HeartMate VE 7 45l Novacor
LVAD 24 45, Jarvik 345, EVAHEART 6 51dD 40 45 (10%) T&H 1=,

A7 Vr— FREIZBEVWTE, RBEOEERBEDAL LT, HERBANBENRL—XITHITT 5-H D5
BTOTSLRUNETOY S LLLEOEERED—EE L TR, FKitLT=.

TNETNOBEERFRTIOTSLICET 2AEETROCECERL

(1) HEEEE
EEERBELL. BEMNERLT. BEETEZECEOICERT B TELE LTEVER T 215
(ERB) Z2HRELTEIEZRNEBEFTEEDL L5V,

(2) 4+A

sMREE. BENRRET . FRICRY FERERLE-FFE EENSABEENZEDOELY). Eik
LT3IBUA (2:83 BURA) DR, MEBHNDOEBERRIZERT 52 EEWLD,

(3) #H
SHEE. BEMNRAEED., RSN DIGRIZHEEH TSI LF0V I,

(4) EE
NEEL(X, FAIE LT, BEEDOERICABLTEEZL > TNET I ENTELIEEDRIES
5,

1. BERIEITOIT S LA

-1 BHEERIOVSLIBREELEEZETIN?

9 1EE% (50%) DFEERA TDETOH VAD EFEFIHETHD) EEMBL. T 1EE (38. 9% A TQLEHE
FHEICLETHDI. 5 HEFK(27. 8% A T@Destination therapy [CHETHSHI LEEL-, BEERT
Y5 LICEENLGERFIBERONGVA, BABRKERASATWS R TLATEEERIOI S L%
HET D LEOFRIDFER LGNSR ST,

12 BEERIOISLOBEZEDLSIIZEZAEFIN?

BEERITOI S LOBREE, 10 [E:% (55. 6%) OERH QB EERKI 352 & & L., BIC 6 fE:% (33. 3%)
D TOHEETFTSHADOHEBICHC . FRELTRBICREALL) ] LEHEL. BOHTEVLLALOBEE
B’EITOTSLEBEELTLS,
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1-3 HBHEERIOISLAXEELEL>TWWSREHD) ZEHLTHETH?
BEERIOTSLIZDNTIE, 13 MR (72.2%9 4 (ORFATIXEEER IO S LGN LE
ZLTHY. BEATIIEEZELEEOREEIZTHOHTRKEWNEEZZ SN,

2. BEEIRITOV S LEERR TR > TL\ARRDEEIHT HER

-1 BEERIOTSLFEMERLELEA? EREE =)

BEERIOITSLERREL TS 4R TIE. BER/RTOY S LOERIT. ERT & BEAMA 1 fEER.
=N & BB VERR TR AN 1 fEsR. fthod 2 fEEk TIXERT - BHEAD - BRAR TFRT - BPHELT - 0
—T A F— R ELHLGEERRAZ Y IICLDF—LERE LTEEERITOT I LEER L TLV =,

2-2 BRHRATHERERIOTILEZER(—HNMEZED) LTLETH?

BERRITOT S LIEIMEET 22 FlIc LTERSA. 1 GINERICAFTTOIIFEPTHS, BEERF
TS LEERLTVST/NARIE 3 HEETOEDHIAAE! VAD (Novacor, HM-IP, HM-VE, EVAHEART,
DuraHeart, Jarvic 2000 &) THY . OFRSEREER! VAD (BUEM VAD 72 £) (£ 1 iR TERESI N TLV =,

2-3 HBEERIOTSLEEHELTNDT/AM ZADER

BEERITOY S AIL 3 HEETOEDAHAE VAD Novacor, HM-1P, HM-VE, EVAHEART, DuraHeart, Jarvic
2000 75 &) BB EFI TER SN TS A, 1 MR TIXOKRIRETY VAD (BE¥HA VAD 745 &) EEfEFI T H EE
SN TLV=,

-4 BEEBRIOTSLITHNESE - REIHEELEIH?
Tz, BROBFRENSEET H56. TORMLEREIENSSVTIN? EREE WD)
BERIRTOT S LOEEIEROBFRENMEEL TEY .. E6f - F#E - BRIFRE - 3—T1 %
— 3 - TN RHEBERENTELTERL TV, Z5 LEaEMBHGEMICEERRIOT 5 LOIEEIC
WBEEEZOND, FICI—T 4 R—2DEBEIEA 21.5%& Lo LbEL . SROEETOT S LDE
WHEXRIZEWTIEIA—T 4 21— 2 DREDKRELLH>TIK LD EFRISN D,

3. EETNITZLDTVKRETR

31 ERTOIMFTOBPIATDBEBFENRE? FSBRET/N\A REFOSNE. 4E. S

TO5 5 LOEBDARESICOVTED L S IZEZFTTH?

ETNARTHE - 4V - EETOY S LOEEDTREEIZOVTOERIK. AANEREROEEM VA
THEN—FOBAICK Y EHOMETHE T OIS L 28DMERTHET O S LOEEHIAIEEE D[E
ZELTHY . F-EREEHE HeartMate IP T 60%DMERMINE TOT S L-SVATRS S LATEEE L.
A0%DIEFRTHEETOY T LOEENAIBEE DEEZE LTz, BEETAT T LEEARLT S HeartMate VE,
Novacor LVAD, Jarvik, EVAHEART Tl&, $ X TCORIEENEETAY T LOEEIAIREE DEIEZE LT=,

32 ERRTHETOISL SNETOTS L HEGRR 0TS LEEELEEBRNHY T H?
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CNFETHEERTERLELLA? GEFIRITSNE E TEALERZNEIZ, SAE TEALZERNZES A
2. HEECHARLEFZEEBL LTEESEHLTLESLY, )

BT 0TS LEMEERGIE 1461, AT 0T 5 LEREGIE 1 Fl. EETAY S LEBEHIE 11 5IT
Hot=, HEMMVAD TIISAETOT S LS FINERS . SVA - TET DT F Lld HeartMate, Novacor
LVAD, Jarvik, EVAHEART 7%i & DiiEA#AE VAD TH 1=,

3-3 NHTOTS L, METOTS AL, HEGRR) 0TS LEOBEREMY

EDBICEHENBEIRE EEZTNETHY?

HETOY S LBEGEHCOVTORETIH, VADEE 1 v AUENCBEERTOT 5 LEMRATREE
FTEHERMNA 1%, 37AURETRELVSERDN . THYEBERDIANT=, S HEE & L TIESmHERT
HEFETI~2HHUADEREE T H5ERN 65hZ HHEH A, FICHIRIFGZOE NS EIEA 29. 4% G5
fzo NEBOFERNE, IRTORIBFENDEFITKEICL>TRALBRELTEY. FSITLEE
FDNEEDRBNIRENEEZ NS, TNRIZ, BEERIRTOT S5 LEEICITEZEDRBEDH TIEA
<. BE - RIEWEBORBAWAL 94 190 EIZE L=, NYHAIDHEEED SR &Y S AT F T, MikHUEER
EDRENDE., EFEEE L TIXBERSTE IS TAREE. FHRREORE. BERRDOTEH
K. BHHE - FHBEDEBENLEE LV ETHRERDKRFZLHDT=,

3-4 S SVA. EEGRR) 7053 LEOUTOIIERNBITRATT M ?

BEERIOJSLORBICENT, HBORKNL—=20, BEE@EHMT7 FL—=2T, o v
—BbL—=2Y BREEHOXRUAENL—=2), BFEAR(BEER) OFBAML—=2T, RNy T
DM TES (BREENTED) L. SHELE-ELZITHRITBEDET. BUNENFEELLZS
&, EEFEEEINEROBEICESEEZ LTIy FO—SDIRE, KORELZSRI-FHIZ. LGRS
TEHI L, BEFBEENMFEATE S L. EEREEN SERBMEMFE CARKBEMEZAVELRLLT
2HFELINTEETE S LR EN, WASTHLET HIERNKFZHDT-,
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SEHER

LAEER 07T

1-1 BEERT 0/ I NINEEEZ 302 HEES
@ 2T VAD RN LETHD, 0.500
@ DIEAEI L EITHD, 0.389
@ Destination therapy |ZMFETH D, 0.278
@ AEEFT 0753 R TIEREECH ORI TS D), 0.056
® BHEEIFT 07T LB R ERED I I TIT/R0 0.000
® FOMMOTERERRR T, (B A[RE e S AT AL UIBBAH R L E CTh D, 0.056
BTV AT DL, AEE AR AT A~DFEREEHED D, 451 DT ITKLETHD, )

#1.279
1-2 HEERTm7 750 AEELE DISCEZLET N ? HEEE
© AT 0.000
@ AEINA0-2 AFRE) 0.111
® HER 0.556
@ HERERUATOOMLHITE, EEL THEIAER L) 0.333
® ZFOMOTER(E T TR, EFEATE CEOMRABELIZITONR, ) 0.056

1 1.056
1-3 MR m7 7 AL 725 TODED)EAERL COVET A ? HEEG
@O FFEDT NARTBNTT BT TLEAFHRL TS 0.167
@ — BT SAATIERRL T 0.056
@ BFEERT I ILIEEDT BT TLHURFELTND 0.000
@ BT THD 0.056
® BRFRTIIEEEFRE 0770037800 0.722
® FOMOTE R

&t 1.000
2. BN 0T DA BIREAR TR TODIERR D Je IR DB
2-1 BEMEIFT n7 T M EDMERL ELT0 2 GEEIRE W) TERE EIE
@© =R 0.222
@ FEn 0.167
@ HRR L 0.167
@ s E 0.111
® FHE 0.000
© T MRS 0.056
@ zoth(@E—F1x—%) 0.222
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2-2 BiRp A CHEE IR 0 T A FE (RN A ST L TOET N ? oo
O FEHL TOD(TIVE T4 OFERFID B BEIFSIVELTD, 4£4) 24
@ FEMEL TV VRN
@ FHHPIZETETHS
@ zofh(h—=27 4) 1
2-3 HEERT ST 05 FERL TNDT /7 SAADZR BEIS
@ HHIAZI VAD(Novacor, HM-IP, HM-VE, EVAHEART, DuraHeart, Jarvic 2000 72&) 0.167
@ MHIGRESL VADGREER VAD 728) 0.056
@ HELDIALI VAD LARSNRIE VAD O 7 0
@ BUHEDT NARXTIEHEERIFT T L% Fehtal 3R 0.056
® ZOMOTE RS

#0.279
2-4 HEEFT 07T NIHENEE  FECEELET ) 2 FEi

o, BEOBURENRE T D56, ZORRHILFRIIENIBN T ?

Co L= EEag)) (FLZETREE TSV | FEEEIA%)
OS] ( %) 17.50
@ FEm ( %) 15.00
@ HRAR LAt ( %) 16.25
@ HEEREE ( %) 11.25
® FHHE ( %) 0.00
© T MR ( %) 10.00
@ zofh(m—74Fx—4) ( %) 27.50
®F D (CRC) ( %) 2.50

&t 100.000
3. T aT T LOBURENTR
31 HFEC. ZhETOMBIA TR EREI L2
TP NN EBIAL
BERE 334
HAEA 7
HeartMate IP 17
HeartMate VE 7
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Novacor LVAD 24
Jarvik 3
EVAHEART 6
Z Dfthi(Abiomed) 6
it 404
FI AT SAAEFOSN, SN AEET 1T LD FERED FATREMIZ DN TEDINTE X F579 2
AIREL RO MiRREI G
BN Ol S SNAL AEE ST BT L AN (E A= N & Sl = VA N
R AIHE W] 0.50 0.28 0.00
AARLA DN 0.20 0.20 0.00
HeartMate TP "lRE RA] 0.60 0.60 0.40
HeartMate VE ARE R 1.00 1.00 1.00
Novacor LVAD BN 1.00 1.00 1.00
Jarvik " RA 1.00 1.00 1.00
EVAHEART ARE RA[ 1.00 1.00 1.00
ZDAth(Abiomed) e A 0.00 0.00 0.00
32 HECHET T T L ST T T A AEEGRED) 7 0T b SR TR DV ET 7 2
THETHPESITIMEL U720 2 GEGIEIL, SMEE TEAIEGIEZSMEIT, FMNEETEAT
SEGIASNAC TEEE TEATEGIEATEEL L TEES TR TTZENY, )
A=A SN IR BN Tl FEE FERELTAEFIEL
AN A 7
HM LVAD 4
Novacor 2
Jarvik 0
EVAHEART 3
EAR(E! HM LVAD 0
Novacor 1
Jarvik 0
TEEGRRE) HM LVAD 0
Novacor 7
Jarvik 3
EVAHEART 1
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3-3 SMHTRZ T L SNET YT N AEEGRED) 7 n T WO AT

E OSSPV EIHE EBZ TONVET?

1E5E 7 17 T A | EBED et
M EIE
eSS
PAERIMNFENE @1 » H L%, 0.471
524 @27 7 LUtk 0.118
@34 H LI, 0.412
@( )rALt 0
A HIHFECRRE] D1 FFELA, 0.294
5 IRFHD) @2Rs LA, 0.353
@ FRFHEILAP, 0
@FFHIFRITAR 0.294
BFDfth (FBEDIREIZLVIER) 0.063
B O EIRN O, 0.765
QRfEIZED, 0.235
©ZN:2 0
B - FIROFIE DA - FIREB VA, 0.941
@A TIN 0.059
NYHA LfEZ7 7 2% (D1, 0.412
CeEEmIZm) (@11, 0.941
I, 0.059
@1V 0.059
MIRHTEERERED 2 E| DA, 0.706
@RI ED 0.235
B RE 0.059
HEBIRE /) OB SZAAT FIRE 0.765
@I BT RTRE, 0.118
@B TR EA AT HE, 0.118
@F A 0
FEtRRABD 22 E QNN 0.882
@IRIEIZE D, 0.118
RE 0
AR TERTEAR (DA, 0.706
ORI ED, 0.294
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©ZN:2 0
BHRED IEH AL, DA 0.412
QRREIZLD 0.588
©ZN:2 0
fFstED Ew# (L DA 0.412
QIREEICED 0.588
QR 0
3-4 AMHL MR TEECRR) 7 07 T ED LU T O AN T TS )2 2
Bl FIATE B (2B H OB HAUTREHLK 7230 AR B AN W ZH L T D N ER
e
JoaBE PN OROBARIN— =27 O, O 1.000
QR EEIER Y T —=2 7 O, QRE 1.000
@V —ih—=27 O, QR 0.882
@E ORI BN — =07 O, O 1.000
@fBH BRLOTLAN—=7 O, QR 0.875
RPN ABRE  |(DBE - MR ML Sy T DTN TED L, DH, OFRHE 0.882
ERIEEE 2D QAIAZBHERE A, 2oL — | BHAEICRIER RO, OV -NOZS 3 0.529
S @FMHLT LT T IRITHREE DY ST . BETIVERRELIRNTE, (D, ORE 0.882
@RE R OITH#ED B BRI BT T 2R AN DLEROONLTE, (O, QR 0.529
Wb BEGRE  |(DEFRIEEEDIME RO BE BT A L v b — T OIREE, (ROIR
ERUNHEEND (SR, MR TR AL, e TR o
ARV SN QBB R ONHEEN C BRIIBITIHEERSLLTBOONLZE, | DNHE, @ RE 0.706
B CEHE | DAERRONES, fHiih2d LVAD 35 BEDXKEI2> T anze, |(D0E, ORE 0.882
EFEEE D OB TYU— 18D R TED, O, ORNE 0.765
—IREIREE @B ECTRIERBEDT T IR TED, O, ORE 0.941
(0wt SN v A N o e OH, ORE 0.941
© B #HR° B FHE BRI O E IR D I ENHELSIVTOND, (D, @REL 0.353
OIS ELEEIMERTED, OH, ORE 0.824
DIBE R OIH#E D D BB AT T D ERRHHLE, O, ORE 0.588
@EFHEBIN DRI E CAMAZ@IEBI A IV B AL L T2l Oz, @ REE 0.765
PNTEIETEDZE,
ksl DERE (O~ AR ELST B, OWZH, @RE 0.824
EREEELD | QEREENTED, Oz, QR 1.000
ZROJA3HORRER | QBELNFEE DOH TV —IA R TE D, (DR, O 0.941
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ZARTE|

@R G ESRERDT T INTED, OwA, @FRE 0.941
OENAL—RIZTED, Owza, @R 0.941

3-5 JEREs IR DEXPETE T LI L BB 0 T AT AR DB - FED N — =2 7115

3-6

HER/IESUD Y gl

TS,

ZOfh, S ANE TEECRED 7 7Y T AL DWW TOIT ER AR A THRIERTES Y,

BIEE ZDWbE THIRFN VAD DIE#EIE, N—=0 VT LTEABHED M T2 TWDERS, Zhud, AIEREE
FENBRELRNET 2720 T3, TRF BB 7 NIV TR OIRIEIC B 9D — =2 7 3L B
TdD, FEER SHREREDR DTG E TR DLV O ZEITREDDITTZN,

RS LVAD OAERHL TWEY, JVEWQOLE HIFL T, BEER T 0T 755 HD7-0,

DTH & TEIQOLE B D7 ORI A Ema b7, (BERIRT EVAHEART K OHGER T
FEHL T ) R ORYERED 575, L LTAERNT A SR % LT AR CEEIS DL
DGO B PHEAME T 32 ATREMED 8 D,

DM S B I 2RO HARIZI W TR, VAD B 7 02T NIRIELL M THD, FHEHIENE
W& ZORITLARENELEL ., VAD 325 LRDBEIZRDEEZBND, Fio, VAD HEH%S RV
L7pBHE VAD HEEBEDIRBENICD SN DD, Zhud, RIS L2 D5 R0 | bk
HREFH FAFELLAR, Fo, BHIOABRT VAD BE ORI ENLE Z THTHOIFELOEITEL
720 PLEIXY VADIBBE 7 12T NI TH L0, BE AR TIIRRZ L TR TEHVAD VAT AT
VBBET 1T MR T, FHIDIBBE FTREZ RS AT AOEADWLEETHD,

JAlbE (VAD fEZ A AR 730 B BITEAT T DRIC, UNE Vi Z LR T NEEEZD,

IR I CEDT A AR A7 0T M IREEEE 2 D,
(ZLOfER% CIIBEEEED EE D HED TOBIRILTHD, )

DRI IREL TE R T HBRONERNET, HFte L Tid, B ERMER TI3720 0T, TOYOBO
LV VAD HEEEES  Fli rTREMRR ~DIER E TEAEL TOET, IFEE~OBATIL, FEMilisk cF
AL 720N E S, SMaS FEfE IR ESN A LD DT, HETIIRL, FHOME AR ZEEL
7= DSBLFERYCIIA N TLIID,

VAT BIEFET OT T IANEDINRIHEL TNDINT, RET BT TLPNEDY R D,

B RN AT B AR N HHZ L, TIU T BRIGEIRD TNAIE WIVRDHREICR > THZIT A
NAKFFLEARN, 77V —ZER—F L TR QDI EE, FDRER,
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3.2.2 KEMEEA L OHHIEHE

SAEEMHARM - TR 184 10 A 15~22 H

Bk
Columbia-Presbyterian Medical Center (CPMC)
University of Alabama at Birmingham (UAB)
University of Pittsburgh Medical Center (UPMC)

HEABRVATLOME

FEHRE LT, KETEHBERUREADBRYRLAD ) VDR ERTZO. SEEICEIEEH
(7750 & 5. Nurse Practitioner &LV VAD JEEEFIEE 48504 & < (K (CPMC, UPMC) & ->TLVA, [F
M. FEBLD Nurse Special ist (UAB) X314 Biomedical Engineer (UPMC) 4 ;8B F—LIZMAZ T
WAIEELHY . F—LEEAFIORBENEERELDRFICE STz, F=. VAD BEZUVELYBERRS
5D TIFE L. RBLEBOEFRERME Y LIFI12 & 585311 (UAB) A—E B THN T LS,

A—7H—1Al% Power base unit IR EDEEHIERE AT S, Vender EFIEHFERIL L THIERA D TD
(EMMRIERSETITL. A LVBRBROMHEEE CERMZN LAELMARIZ &L > TLVS, BREIREL. Kits
BECRICHEBREZFERAL. BELGERISERTEIERRE - TNAM RAREODE_ 4 RREZEERFSE
TW5,

1. &R B
VAD EEDD TF—LERE] F1ToTHY. 24 BFEAKI TG,
SHEBEETIT>TWATEH$H S (Vital Engineering @ UPMC)
(1) EfRF—L
- Mg RIE - Fellow 6 A (CPMC). Medical Director & 54 (UPMC)
- Nurse Practitioner 3 A (CPMC). 1 A (UPMC) : ;ABRHERR
- Clinical Nurse Specialist (UAB) : {&tH1G#E
* Nurse Specialist 2 4 (UAB) . Nurse 14 (UPMC)
- Biomedical Engineer 5 A (UPMC) : BBEMEG. SHIBIRME. thF—LIEE,
- [EMIZ Cardiologist (NELE) . Perfusionist
(2) a—FT41—4%
*VAD O—F 4 +—4

2. BERENEEY
-HAEDAREE S A, EEEREI—15 A, EEEED 10%H4F (CPMC) ,
- ABeEE 20 A, EEEE 18 A (UAB),
- RIE VAD ARREE 250 A, EEEE 100 A, EEBED 5 %HHE (UPMC),
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. BRI AL—=24
sShElgE (BIRY). sHEIIER (XREEHIESRRUVBE) ODBLRREEE D, BEERUNEE~DHEE
&, RCCEEMELREHRATILENH D,

- UAB IZ[& Town House &FESRSVIIEREER MDY . H7E 10 4+ ARE T:ERA,

- UPNC IZ £ BR5MiBEEA B D K S TH Do

- CPMC LRV ZETEIL TWD & 5 T, SREEICH D LDRME,

. IRFEEH
- JERERERE 2 BRI LA (UAB),
- @R 3 BEREILIA (CPMC)

. B OFAEEE - TR LER

- FARTANEEIBE, VAD O—T 4 21— MR,

- {£521% Home Doctor (AMA Y DIFE) AYGE 1[EFTS (CPMC),

- $R9E (3 Community Nurse %8 1~ 3[EIEMES % (CPMC),

- @fERF(E Cardiologist (REE) AHEHL. B1EMNSA 1 BFETHRLICER (CPNC),

. MR ALTFFUR
T — =y FORFEEIL BESERTID Vendor HMEY L REESHE E DX HETITS (CPNC),
AIDMES R T LOFEEGUSMERETHIN—,

- RIS ETEEFINDBIEDHA (CPMC),

. REEE
=911 (BA® 119) Lntahias A Y (CPMC, UAB),
- RERISARFIADBE (UAB),

. Destination Therapy ~M:iEzE

REHNEIEL- L Z0REBRAIGFIEEED HNE,

s RANGEVLRENS VA OFLEFENHSNIGEDFLEEGHEZEDH S L E (CPNO) . HEEETF
IEDEDH 5N BHRE,

-VAD ZHRETEEGEH LN LHEDSEHRE (CPNC),
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3.2.3 BRIMIFERA o DHIHIEE

BFEA 1994-2006
7 /31 R : DuraHeart, DeBakey VAD, Novacor, HeartMate, ThoratecVAD, LionHeart, CorAide,
CardioWestTAH
EERRHLRS
(1) K4 Y Bad Oeynhausen i)tz > 2 — (DuraHeart. 2004-2006 )
2)A—X k1) 7 University of Vienna (DeBakey VAD. 1998-2000 ££)
(3) K4 *¥ North Rhine-Westphalia Ruhr University of Bochum (FM#hD#iE 1994-1R7E)

1. ke ABRH (DuraHeart, BRRIZ[EI(FT)

- AR LEA . B - KL OBEFREE. BEORE - HSREBERAE. 2T - RE. hEEEE L
TTAMEE, 73— F7 52 —#E7

- VADa—T 4 r—% : BE - Rk DBEREE. BEORE - HIRERE., BF - ik - TH#EA~
DEEEEEE. TN\A ARTERHFEDIEE, B -FE-NEE- 773V —FIFZ—~DT/(1R
1B4E - FSDLVERETEER. RIEEBE T THEE. RE2H— NEFEE

D4 A ESER R iTRUNEY

VLT —h—  BEOHRIRERE., RIREEHEK. S EERFHRFE

- FREEL BB LU T. T REERE, AEEEES. MEREZEC AR - BES
CEBEEE LR, BEORMKERE

2. BEH
DuraHeart (26), DeBakey VAD(10), Novacor (70), HeartMate (28), ThoratecVAD(19), LionHeart (),
CorAide (13), CardioWestTAH(21)

3. BFrEi b L—=>4% (DuraHeart)
- VADO—F ¢ r—4% ., DEAEEAEREMAICLY. —BFREEH RN SBREETICTKIEIEDIIL
=29, 7—277") 5% 5 HE & YuEEREEZE D R1& Duraleart) ,
T4 DA EFERMMILBI)NE) Z—REBEE L VR L. BERNSIT-TILTA—F—,
RIZ, 67[HEHIT - T v — - BEERF & DuraHeart)
-IHB - T REBEE, FSDVEREE. UERREEC AR, RIEEEHT T i,

4. ;BFe&H (DuraHeart)
s FSONWEEEEEDI=TINA A NL—ZVTWET (BF - Kik - NESR)
- EEFIREEHEL, BEEHEL, NYHA Classl LT,
-REEREECRE - REEECEE. KEEBMHT 7. BRHh— MER.
- BEAREELY 2-3BELRNICEE. 773 )— 7 2—~0OBMK. BFREAE
RFERTRE (MEXEE. ODER. Ta—. ik, £eFEE. BEWL)
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RERRDEAEEE - BREES
(1995 £ Novacor. BEF#RE (3)) : 1A 1 B CHRE. 8 1 [E] Family Doctor AEAf. 2 HZ LIRS
E@ER 7. 10 B~30 B Z & (2 LVAD Operator A5, 68 &IZitEtw > 2 —IZ@kE, Bl
VAD Coordinator A\#4T L. Family Doctor  NEEEZI8E, 3 4+ A & (2@, MEIER (X Echo,
chest X-Ray, technical examination, exercise test, exit site or driveline examination and
redressment
(RESHELR. ERMEQ))  BIRENEELIFET. EREISM14BE. Z0O®RI~6EBHEE
T. BE&IEHI(E. Echo, hemodynamic exercise tests including RH cath, laboratory chemistry,
EKG, chest X-ray
(DuraHeart)
- 2 ABSREA 23— )UK
- 4~ 6 BBEDIN KRR
- REEEET7 - BE 108 (BRELVENES)
Rk, I7EIN—ROE— FEER—LTTFT—R (RETH/N—)
BR2FOREADWE . V—> v I)LT—H—, VADO—T 4 R—2 HFE

6. E=-42 1 >J1ER

(1995 £ Novacor)
BADmmE. KB, AE. R TREH. "=, SVZEEBEHL .
(2000 4£ DeBakeyVAD)

mfE. R, MRE (BEEREE R . ERRE. KR, RO JHKE (18 2ME).
AE (BR). ROTREEARY M—EBET—4EE (RA)
Laboratory chemistry, RBC, WBC, CRP, creatinine, BUN, LDH, GOT, GPT,

plasma free Hb, Na, K, TT, INR (& 3 [a])
Chest X-ray, echocardiography GE 1 [a])
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3.2 4 BRHE IOV S LN SDEBHME GRLKRY )

1 BM (BERUSEELG RN TRELR)
2 ERHEE (M- 5E - BERE. FHR1 1A SMAORE. NEEOMRLY

3 EE

S, shE. EERE. EE

4 ATOTSLEREE
BEOLERE WHAT RIET)
AT055 LEMAREORS

5 ATOHSLOFBIEIZDNT

6 AXITOTSLOERAFIE

1T fwREALL—=25
1.1 RO L—=24 L5HE
1.2 BEE@ITT L—=24 LiTE
7.3 BHEEE
1.4 REFOXNAE
1.5 ZOMBFELZVLNEENTS BEDLH

8 s bL—=27

8.1 ARME-ERMRBEHEZM SN (ARBEHREE]

8.2 BEME-EEMBHZMHDLLLVIIM [BRIEAIEEAE]

8.3 CEBE—ERMBEZEMS —FHRE [C RIEAKREE]

8.4 DERE—ERRBEEEDLL2;A3 BOREMNA (D BREAEEE]

9 HEERBOERE

9.1 fwbEst bL—=2 T ABRBEDRIRE TICERET T I NEFEE
(1) BRERENONDEEN— FDOE(R - Xft

9.2 WS FL—=2 T CERIEDFIAE TICERET TINEEIE
(1) EEREITROEDR FROHE) [EEREEROEH]
a) JEfEA, D 2 EREILIA
b) BRREmMOT7VEX
c) HZEDT7IER
d FEEQa>EVL
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e) AE. ML, BEF
(2) RRFOBNHEER (BBE. BREEHS)
9.3 BETATE TIZITS #fR
(1) BEEMOEE
OB AT DEERA. R
QR IEEBART 7 RMRDZER
O ERE 4
(2) HBERUVENSHADHRHER

10 BEEFAI (BERUNEELBHIZ80 mLLE)

11 AEREDOBERUNEEDIESEE

NN EEBEEFICEERUNEENTS L

(1) BPMAIDERATLOEE (BEANLGAE)

(2) RIEEBEDT 7 LEE

(3) BERTDETA

(4) EfM& YA SNI-EDIRA

(5) HEMERRENDRE

(6) WBIALDBERRS. fERRVKEEEMAY 7 HARENER
(7) #HBIAT DD — KOS

1. 2BEOTHER (RkH, S 2 FFELIN)

1. 3BZDITH - ESHIR

1. 454 k@kt (A2~ 46, SEERE. #ERR)

1.5 BEICEFHMENE C-HE DRI

1. 6 R2EDOXIG

(1) BARKER

(2) {=EH

12 BEOETHRETDICH!TEEREEONG

12.1 24 BFREER R BTG
12.2 5\ EBE
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3.2.5 ERERERER 70U 5 LN S DIEE HH GHEIR Y )

<Hkam>

JRBT DI E
BEEMEAORE
HEEDRE

<3RRERT>
WORETE 5
BEDLT 1 1~ AFH
RED LT « = X5l
BEETEDE(H

BI[EA

JA3a2=71 Dl

<:BPetk>
BEROBEXIE
W—FURE=2Y) 2T
WE G & iR
ZEXIR

fR<F

&8
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3.2.6 BEERICEHIIMEBERNTLYD

BRI, HAETHERKRICERELE-ATOEOERBERE LT, BERENS (X, Kkh oDSHEZITT

FF+2THY. Hia. BEEREFTHSTONEET, THITHRERETHEILTLRLTFEAT
[FaLE, BHELTWD, ATDEZEE L-EEOBEEROERICAITT, TiLDAE - iEASIR
UHERELE - RTFRFI R UVEREXBAGIZEZ D ENEFELLY,

(AB - EX{B{AH)

1.

AT MBZERS FRARARKHEZEZ S, HBIE. ARE. a0—T« %*—%. B, FAENS
BEF—LERFHEYNHETHS.

- BAMICEELERTONEEEZEOT. BREABKGHZEZ, BRFUHEEDD. HHNETIHHE

ENEEBENERLELBDEEZZDND,

. BEERMN—ZVIDFIREZED., FL—ZUT3—REH/ET S, S, 4hE. BEEREL S

ERBEMFIEESEICLTE LU,

- FEFUEEOEBRFAREEED DS EBRE. REEM7 7 X BEERF) . BEOEA

FICHRIFICLEL-EERBETHDH L ZHET D,

. RRRRISEESD. HIFFERK. EEARELTRNEFZTI.

(HEARELE - RSPIAH])

6.

BERUKBBOE=RYY VJEBZEDSH, BT-ZI2F, HEEH. EhEE. MRE. ARA.
KEHED S Mo BELFTABREARTENA TS &,

. HHRRT - BEOFBHEFIREED D, HAREBEICOVWTREEICHESMAMRBZEEZHESE.

ZHZEZECANERNREFLHERT S &,

(EHRE R

8.

ERISER=& 54, BRIEROKFHIFTE. HRAEERE. \EE - HEH. EEREBLEHEE
BRICHT DT LGREFEZRERI 2 ENEFTND,
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3.3 EEEMEATOE (TAH) [FriiREtaieE]

FERINTEEDHA F54 UTIE, EITHBIATOEE (VAD) 28FE LREEE2HRibe LTED=. Th
(23t LER 18 FEFTEERBATORE (TAH) OEFWLZDOVNTORETZEML -, REHMEEZTEDD
tToEZALELT. TH OERKIEANEThhfzC DL, ENEORBRTOREEZTI/EEL
DD%,

1) IRETBHA FSA4 U, FEROENEICE TS T £ EHT-RMAANTDEDOEE(IEL < #A

AIRETMDERTHH &,

2) EREASIEOBENOH T, KECEMZE TAH OEREKGANETL TELIThh TS0t

HELBLTHEZRTLOTIIGENI &,

D2 RITODVWTHRLEREZL > T, ERMIREHMEEDOFIES LTI,

1) TAH OFA% - ERIRIGCRADEEMERICE DR YILSL ERED T ERRIGRIKREDRAE L F L H.

2) NLDEEEELHICEET 2EHOREICK D TAH DEIROEFHEIMO F & 8.

3) INLDREHRER - MRIZEDIEKAA R4 UEREEETO TAH OEIRLNZEE T HIRE.
DIFRZEHRE L=,

3.3.1 TAH MY I 5 & IR DERRIG DR

1) TAH OFA% - ERIRICFADEERMERICED KLY 15 OB

EAET TATOE W S156. B - BRIGAICEST5ADE & ITAH) TIE% L TVAD) %48
TTHENDEBOND, EEEHSERICELTIL, VAD A 1980 FDEFDEGERICFH 5 m3EtHHg Ll E##FT
850 L EDEHIZK LTHLSNTEDIZx LT, TAH ORRERFIIZE CEL =, TREMLREE L
THEEBELENVRETHLILEA D, LALALNL, HEDATLRERAROERICEZMAITHEE. TAH &
VAD LitifTL CREBZXRITAL L LT, BRARERDICHEBNG., F-HLHEKTIE VA &Y HRENER
AN ED SN TELIEELBETH S,

HEZFDANLDEOEIMEER(L, 1957 FIZ Akutsu, Kolff [k D TAH DEMWEERE SN TEHY ., 1958
FIZfThNt= Kusserrow IZ& % VAD DERFDEEREL Y LETL TS, BREKISAIZDOLTIE, 1963 £0
DeBakey [Z &k H2ZEXEEREN T A 7 75 LA VAD 2K HEDEB & YILENT-£ DD, 1969 FI(Z(E Cooley
MNELTEFENIED Liotta B TAH Z AAVVTHFND AT DIEIZ K B DEHBIE~D T v OF#ToTWVS,
1981 £EIZIF Akutsu TAHIZKBFE 2 HIED T ) v SERBIAADTHAL, 1982 A S(E Jarvik-7 TAH A
FDA DAER =/ CTRAEAZBHE LTERIRIGA SNz, 20 Destination Therapy & L T® TAH O fEH
X5 plThitEnf- (BEORREERFIEIL 620 B) A%, 1980 EREFICIDEBE~DT ) v oL LT
L TRV BTz, Jarvik-T TAH [EZ D%, MISERECRLAEL EDEHHE. HETIEOMBELZ LI
FYU—BRALLNLGCEo=h, FHLLEESRID Cardiolest #HICHfiifEzd 5 & & ICRERLER
Y. BIEIL SynCardia Systems #i~EFERL CRIFLGRIETIT ) v OFERE LTRHLGATLNS,
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2) BREBKLASN TS TAH

PRk Tld, ERIZZEREREIARD TAH TéH S SynCardia Systems £t CardioWest temporary Total
Artificial Heart (TAH-t)AS, (DERBIE~D T v & LTHAFD 20 OERTHEASIN TS, 14
RETRHFESINT- Jarvik-7 TAH OAffTIEL, 1993 £IZ Symbion #Av S Tuson M7 1) Y+ K2 University
Medical Center (UMC) IZ# > T CardioWest #t& 7% YU IDE ZEBL T8I T v & LTHEASNT =
2001 FE([ZIZUMC AASDARAE VT RRUF ¥ ThHhAH SynCardia  Systems #t(ZHiffT & IDE %785, 2004 &£
10 BIZBTT BHIDEFATFDAKERZERF L. 2005 F5 BIZIXCE<Y— ZEE L TL 5, IDE®Dpivotal study
TI&. control M 1 F£EFE 31%Ixf LT, CardioWest TAH £ (79%H3T 1) v OBHEIZHRIN, LD
BIT 7/31 ADFTIXZEDHINE) O 1 FEFEIL 710%TH Y (NEIM 2004; 351: 859-867). F£i=T'1J
y DIDBIEERID 1| FERU S FEFRIZTN TN 86 RU 64% EBOTRIFTH o=, Ff=. Excor TAH-t
portable driver [&, 2006 &£ 7 BIZ CE ¥ — - ZHE L. 2007 FICITKECHRAFEARVERFERAZBHN
ELI-ERDKRBERET SFETHD,

—h. ARZELIEAABDESHTEFE) TAH T#H S AbioCor (&, AbiolMed #tIC &k > TR IN-ELK
RIFAXESEFE) TAH SR T LTH S, 1988 FIZFALE 47z NIH D NHLBI (2K % Request for Proposal
RFP) TO THBR IO o b, 5121993 M SRAE SNz 2 HIIZIE S Phased Readiness 701455
LZ@E L THEEMNED b, 2001 F 7 BICHRYDERREI TOIEAADTHONT=, LIk 2004 £9 BETIC
14 AOREEDFLEE GEBLURICETT HAREENSVESE) (TIEBOAFEN, FMIETIL 2 4.
E47FIE 512 HEITH 1=, 2006 &£ 5 AIZIE Humanitalian Device Exemption (HDE) & L T FDA AR %
/T, REMLBFERANEDLN TS, 4. HE [LXREERBMEREMIEFEMRZE FDCAct) ITHESND
ANEREETOERKEOFERZRTHY . ERMAEDHRKGRRICET HH54EFEI LLVSABT. EN
EIC[ERZEEIFEL,

3.3.2 ATLBEEIEHICEEY 2BEMAERICL S TAH OERFOERESEOE £ &H

1) FDA:Preparation and contents of application for ventricular assist devices and total artificial
hearts, FDA No. F89-33838 (1987)
-1 24 FJUIZVAD & THOEEIZET S 0L THSHC EMNBHE SN TLVS,
“GUIDELINES: PREPARATION & CONTENTS OF APPLICATION FOR VENTRICULAR ASSIST DEVICES AND
TOTAL ARTIFICIAL HEARTS”
1-2. EAERHIIZVAD & TAH #RXAI9 5 RIRTFa LG LD, 1 ERRDA VAD IOV TDIFEENH b b,
4.0 TESTING, 4.1 IN VITRO TESTING, 4.1.2 System Characterization
“For a VAD, with the jock (mock @ typographical error &Bt>t5) ventricle in a passive

”

state, characterize the VAD response to simulated ventricular fibrillation.

2) NIH: Phased readiness testing of implantable total artificial hearts, request for proposal,
NHLBI-HV-92-28 (1992)
2-1 EXRMIZ, TEEAHE TAH IZE9 5 RFP THASD T, requirements (& TAH #Rijig& L TLVS,
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2-2 FnoDOHTE, STATEMENT OF WORK, Proposal Guidelines [CER&Ei SN BALUTD & S HEIEIL.
TAH [ZHENLGEETHLIEEA DN D,

2-2-1)

2-2-2)

2-2-3)

2-2-4)

2-2-5)

“The TAH must be capable of supporting the full cardiac output as described below”
— TAH TIL 100%DEREFDVETHY . TORENEEIT S L, CNIETAHDERL S
LTEATHY ., BATRBEIT IRLEZLGWLERDN S,

“It is required that the implantable TAH be specifically designed for a selected
anatomical position in the human and the appropriate dimensions.” — TAH TIXREFr
HICMERY THAERAEN S0, [BRHZMESHE 2ERB LMK - Y1 X&2FTEHL
NROLND, 121, BEDEEH->TH. VAD THHEFZMWESHEIEETHY. mHFIC
HBLI-BEBIEE LTEREIRETHLHLEEDODNS,

“It is desirable that control of the systems emphasize auto-regulation C(e.g.,
Frank-Star | ing mechanism). = TAH Tl&. 725 >4 - A2 —1) U5 M;%8| (natural heart
DET SEHBE preload sensitivity) FIZE DWW Ao DBEEREMEEET S5 EMNE
FLULY,

“Appropriate control techniques must be developed to account for the flow differences
between the right and left ventricles.” — TAH [Z$#M7E TEARE/NTX] OO
U bA—IUABYIATRDESBFENTETLS I L, CTAITDLTIE, TAH I3 TG
CBVAD ICHRBFRDZ ENER DD T, KAA K4 VITEWTIE, TAHOAICEET 58S
IHEFETICTTAH-BVAD IZDOWWTDERE LT HIRELEBbND,

“It is necessary that potential catastrophic failure mechanismbe eliminated from the
TAH design.” — TAHIZ&(F5 fail-safe AFEDEEHEICOLVTOERTHD, LML, &
EDECEHNVAD IZTDOVWTEERSHCETHY .. HATHLT AREFLTVLERBDNS,

3) ASAIO-STS: Long-Term Mechanical Circulatory Support SystemReliability Recommendation. (1998)
3-1 General Requirements [ZZ @ paper THXY # S MCSS DEZEE LT, VAD & TAHH DfEMBREE S
TWh%,

1

General Requirements, 1.1 Definition of a Long-Term Mechanical Girculatory Support

System, “A long-term mechanical circulatory support system may provide single or

biventricular support (e.g., aventricular assist device), total cardiac replacement (e. g.,

atotal artificial heart), or other innovative methods to provide circulatory support. These

systems may be used as, but not required to be, an alternative to cardiac transplantation.”
3-2 VAD & TAH #RRAIT S RBIIH 7Ly,

4) AAMI Technical Information Report TIR26-2000 Ventricular assist and heart replacement systems

(2000)

4~1 B4 FJLIZVAD & TAHOBBICET H5HA FUVATHSZ ENBHE SN TLVS,
“Ventricular assist and heart replacement systems”
4-2  VAD & TMH R AT 5R‘ITHA b7y,
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5) JAGGC CONSENSUS CONFERENCE REPORT. Mechanical Cardiac Support 2000: Current Application and
Future Trial Design (2001)
5-1 Mechanical Cardiac Support MEARIZDNWTHARTWLADTHY . VAD & TAH X7 L F=&®/(Z

AN
5-2 {BL. BRMGIIRERBADIE L LVAD ITB9 56D T, TAH ZEH L TRE L =82 A oni
LY,

6) 1S0 10993-1 Biological evaluation of medical devices - Partl1: Evaluation and testing (2003)
6-1 VAD & TAH ORXAIIZEE 9 HEE&EITE < Gy,
6-2 4.2 Categorization by nature of body contact, 4.2.4 Implant device, b) blood IZIZ. HIF
S TSI VAD (T8 HHY TAH [F7ELY,
“devices principal |y contacting blood; examples include pacemaker electrodes, artificial
arterioveous fistulae, heart valves, vascular grafts, internal drug—delivery catheters and

ventricular assist devices.”

7) 1SO 10993-4 Biological evaluation of medical devices - Partl:Selection of tests for
interactions with blood (2002)
7-1 VAD & THOME L BRRICEFEN TS Z EABHEINT NS,
5 Types of devices in contact with blood, 5.3 Implant devices
“circulatory support devices (ventricular-assist devices, artificial hearts, intra-aortic
bal loon pumps),”

7-2 6.2 Categories of tests and blood interactions, 6.2.4 Implant devices [ZI&. TR FDEE
[CEWLTHIZVAD & TAH DR AN ZFESE L TIELVELY,

“Test selection criteria depend on the specific device evaluated.”
LEBEINTLDDH,

7-3 Annex A (informative) Preclinical evaluation of cardiovascular devices and prostheses, A.5
Ventricular-assist devices and total artificial hearts IZ2&H ULV TH “These devices can
induce ----" D& ST, MEBEZRXFNETED TEERLDEEH SN TS,

7-4 Table 2 [2HEWNTH. TAH & VAD (EHEHTRICIEBICHEIN TS,

8) 2003 £ 1S014155-1Clinical investigation of medical devices for human subjects - Part 1: General
requirements
8-1 VAD & TAH #XAIL-RBHFBIEIIR oG >T1=, VAD, THZRIEH L <A oNnEMhoT=,

9) 1S014155-2 [E] Part2: Clinical investigation plans
9-1 VAD & TAH #XAIL-BEHFBIEIXR 5NN oT=, VAD, THZRIEH L <A oNnEMhoT=,
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10) 2000 £E 1S014708-1 Implants for surgery - Active implantable medical devices - Partl: General
requirements for safety, marking and for information to be provided by the manufacturer
10-1 VAD 3 TAH £ COXEDHRIZEFNSRKRMGHEIZTHAHH. VAD, TAH ZRIEHMNERS
ng. £ 5HAVAD & TH XA LI-REFBELA oL,

11) 2005 4 1S0/CDV14708-5 1S0/TC 150/SC6 Implants for surgery - Active implantable medical devices
- Partb: Particular requirements for circulatory support devices

11-1 3 Terms and definitions, 3.3 atrial cuff [IZEWLT TAH IZHBEMNLGDLDEND IDEELADND,

11-2 &#HD draft Tlk., &KFFIZ total artificial heart KU ventricular assist system/device
(VAD/VAD) DEE&EH A b, AXELNTEZIY KD CEMPRELOTIVND, MEZEHDHEL
SEARZEBT, T LA VAD ITHHMREESIZDOWWTHEET 2 & LS iLEEL Ho TS,

11-3 BELBETHIETHOERTH SN, LFID draft Tk VAD OHEFEE L TLVz & Bhon &Rt
M. THZEOHRERANEBETSA TS

11-3-1

11-3-2

6.6 In Vitro design evaluation and system performance testing, 6.6.1 Objective [Z&
LVT. “This testing includes the characterization of all time dependent parameters
in either pulsatile or continuous flow systems as both types of circulatory assist
devices can operate with the natural heart in a pulsatile environment.” &LigEiach
TEY . VAD DHEFMHRE L TEINT UV =, COEHIEHEFHD draft TIE “Inboth a volume
displacement pump and a rotary pump VAD systems, this testing includes the
characterization of all time dependent parameters as they operate with (or as a
replacement for) the natural heart in a pulsatile environment.” &£mEHE 4. VAD
DHIZET HRETHAHZ LRSI TS,
6.6.4 Test equipment, 6.6.4.2 Circulatory simulation models, 6.6.4.2.1 Physiologic
limits (&, LIATO draft TIXESDBLOFEET HIREZRHRIC LI-EE&L H o=, “Mock
circulatory loop limits on systolic and diastolic pressures and flows, natural heart
beat rates and S/D ratios, and vascular compliances and resistances must be appropriate
to the intended diseased patient population and not | imited to those ranges found within
“normal” human patients.” ¥4t 5, VAD DA EZFBICE W =RELH oA, BEHD
draft TEZOFAILEMITEZTERZ SN T TAH DIFEICHEENE LGV GEEIXE G-
fzo LA, VAD ICBAT 4B E VS EGE oz, “Mock circulatory loops shall be
appropriate to the intended diseades patient population, and not | imited to those ranges
found within the “normal” population. For those devices used in conjunction with a
patient’ snative heart, the invitroperformance testing shall account for native heart

rates, and systolic/diastolic pressures and flows.”
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3.3.3 TAH DHEMRWZEET 5F EH

1)

2)

3)

KAAFS4AUTIEVAD & THOBEZRYKS & &7 %,

BRABMALELTLARY, VAD & TAH ZXAT 2REIFG <, BT 52— MRS O THE#HZ
TLt=. =20, EAXDOHEBOFEICEHOE-FHEE, ARTHRTAEESEN, VAD XU TAH £
NENITHEMGEBREFRRICOVTIE, BEISLTERFAROT/NA RAZHEL-LTRET S

(1S0/CDV14708-5 0 draft Tl&, TAH - VAD k@D & = KREAI& LD>D, —H#3(C VAD IZBHY HHF:C
FEDMEZE & HEHENHOND),

FHBEAERTEICHET S VAD & THOEZEDEHEIX. UTOLSHEEND D, ChoEHREESE
FIFERELTHA RIA VICEBRBRIRENE SN S HITHEFEET B,

3-1 Atrial cuff (X TAHSEEDEREER TH D, HIZ. VA DBEIE, ERRMI>Ta4 vy b DR
7. BIEF Y TR ENFHEDEBRERE VRS,

3-2 Mock circuit M#&RLIE. 1S0/CDV14708-5 IZHEEE SN TULNDH., TNRARICKH>TEELH D,
TAH & VAD TlX.FE 9 native heart IZHHZ T 5/3— YO pulsatil ity DT EDORBEEIZELNH D,
Ff-. EBRMADTaAy FEDEATT, ERERARKECRLG S EICOVTHERRICERRE
THOLELH D,

3-3 1987 FEDFDA A K54 > Tl&., VAD DIFEIZIE invitro FHERT Vf BFOEREMFE F1EHF T S0
BEMLIREIN TS, THIZIFEEHABERL, —A. VADIZHWLT invitro FERT Vf DR
BEHA RSAVELTERTDHIENBENE SINIRAEET D,

3-4 VAD (% BTT, BTR, DT O£ TCHERAH#SH Y. TAH IZIL BTR DAIREEIEAEL, KXAA K54 VED
@[/RICZIE, COZEZEZELITBBLAVWRBRLEG>TLSD, ECICRKELGRBEANER
nad,

3-5 TAH [ 100%DEIRFEBIRENNLETHSM, VAD X ERDT/AA ROBMIZH K ZH) L
HE S TIHAELY, 2R, in vitro BHER. in vivo HERTERGICEENELEFSHH, FHEM - &
RRBEZER L TENITR - -EENGHEBRZTRAELVDTH> T, TAH - VAD ZNENTHE
HGEEHZ T AREFGTNERDNS,

3-6 TAH OEEFRE/NT VRITDNTIE, BVAD & ELICHIFELENDEELGFETHY . T/N\A1REHRE
Li-LTRHBTIRETHDHLEBDND,

HA RKSAED in vitro RERIC. TTAH RUBVAD I2H WL TIE, EDREVEADLDRDREICEE
LERELGNT VRFIEANTZDI L] HAWNE TENFLOMEROE . FASE. R
KRG EETRITER L-BEFIENTAS L1 TEBMT 5,

3-7 TAH OFEZIERESTEILVAD &Y LB L L\ DIXERGEDTHSH . ARNIEAAHERRICH L THREIE
HIEEMHEERT ADEHBEL TRONDHFBIELGDTHY ., AT T IZBLTOAHEEEHT S
WHEFBEWNEEZ D,

(BER) BEEMEAMHICEAL T, MEIZT Yy F LY X REOAMMLZEIZLY., HHEIC
RELGFEFEZDUEENHLIDOT, VD RUTAH EHLITHRERIETHDSEBHOND,
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(BR) H4 RS54 U~ADERAEICDONT :

- MMl TIEEREERBAD—8THY . HERIEE TIXALY,

- IS0 TIE anatomic fit [FERETEHBAD—EBTHY . HAEBREE TIXALY,
- ASAIO TI& anatomical & UV EHEIER (X7FEAE LAY,

3-8 FEIHDEHT, TAH DAHE®D auto-regulation [CDOWTHEA TEREHT IDEFILLNEEZ B,
TNAZDPEIFHEL LT in vitro B TRSINDIARICEFNDI LD ERDN D,

3-9 fail-safe MRLSDIREIZE TAH & VAD TEAH B LWL\ SEREHDHH. device failure IZFH
WCEEDRENBILT 5LV SATEEENEETH Y . failure DEREITH T B 5TIG EHERTD
WREICHARAL & TAH OAITERINEREHEDEIETIEGL, f>T. THITDTH
BMATRET ILERFLBNEERD,

(BER) TAH O#EE. BNEFDOREZELRT 555, VAD [CHELTIE. BE2OAEILTLSRIE, K
BEOEL, MBEEREDSFNIEH->TEH. FIZUV=5 I &(FD74L, TAH D fai l-safe, back-up
Z LT, ¥EROIGSLERECEAL T, EEGFETHLIEER D, . MAKEIIOR
EZEELTEZRDLENDD,
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4. BIRESRORE

AREHAAH BB B (EHEAT DR A TL) NS FS54 2L LT, FRITEEIHFMIC
ERERIGRANEHA DD 3 S4B A TR (VAD) [2BE Y S IERRRERERIC D LN T DRRET 21T o 1= TRUISEEIXR
HARATOEICE L CEEZ AT,

(1) SEEFERERICE D K MAMEEHE (k%)

(2) RERBZETCEBNABRRUVT7 V07— FE2EOERNRABRICE DV EEEAERCAT LR i)

(3) SEEEHBREATLE(TAH OFEERSA K542 FiR)
=EAMICKRET LT,

AL DEOEEAREICEAL T, BIZT/NA RORFEDHTIEG K EEBEEZ Y HR— b9 5 AMERR
HEVITHEEBEFELLELEZAONSDT, MELAZHRENICIRYRoT-. 77— MERD .
BREDE K [TRENSHETELLZITTEFR+ATHY. sVA. BERIFETERTON/EHT, &5
[CHEBERFTEHRLTLRLTFEBATEHGVEEB LTV S I LA o1z, BARELISIE. S5
E. RRIE. O—T 4« *—4% . FEM., BAENSLLF—LERAKFIEY LEFIC, EEBERICKHT S
THRGRERFHEDREFENHETH S EhbhoT=,

MAMEHEIZRE L TlE., HBREMHN. BEOFEAICAVTERSIZEAHS BN AEMESHT, ¥
ATLICEELZWC L ZFiT 52 & THD LML INIED,. TAMHEED / I1\IH#Z (EHE
Snt-,

SEEBREATOEOHRIMIEIL TIX, VAD & TAH IZ2DWTEXR D#SRDF-ICEHhE - 5B
TS5 CLIFLARAVETH SN, BRHEMHSHEL TLSRY VAD & TAH Z2RAIT 2 EIFH <. £E T
H—RHtEst EEHDH L & LT,

SHRBHR L TREIRNEIEEEL LT,

1. #REREZEETRAEAADOEOEREROD-HIC, EEABEAATDBOHSEBERF, ¥
BHLHEDZITANKFIZEFEZ LG FhER 550,

2. KAA RS54 D OREHBRLARROBIHMET 5& 5%, FRATDBICE TREEEZLTS
WENH D,

LE, #H2EREHSITRIGEAAILDBOERZH S LT, HBFRO-OHDIFERRHRICET S H
1 RS54 VERIATLDREN O EL2ERBATOEET THAL TR L, AEARORRICDELGANE
ROHSEBRREBETERICONREMNTREERZ®RE Lz, ATDEZEESE L TOBEEERSELC
BEQHLDERY ., HEERICES-BHEATOES X T LAORFENA RS54 Uh%, ERICERRKREERIC
BAINDSALESGVNEEZONS,

WEEZIFLH LT HLBEBRBUDRAIHEZR L DDEZEL,
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5. X #k

5.1 BEERE (180, IEC, ASTM)

1)ASTM F1841-97, Standard practice for Assessment of hemolysis in continuous flow blood pumps
2) |EC 60300-3-2, Dependabi | ity management — Part 3-2: Application guide — Col lection of dependabi | ity
data from the field

3) IEC 60601-1, Medical electrical equipment — Part 1: General requirements for safety and essential
performance

4) 1EC 60601-1-2, Medical electrical equipment —Part 1-2: General requirements for safety —Col lateral
standard:Electromagnetic compatibility — Requirements and tests

5) IEC 60601-1-6, Medical electrical equipment —Part 1-6: General requirements for safety —Col lateral
standard: Usability

6) IEC 60601-1-8, Medical electrical equipment —Part 1-8: General requirements for safety —Col lateral
standard: Alarms

7 IEC — CISPR-11, Industrial, scientific and medical (ISM) radio—frequency equipment

- Electromagnetic disturbance characteristics - Limits and methods of measurement

8) IEC/TR 60878, Graphical symbols for electrical equipment in medical practice

9) IEC 62304, Medical device software — Software |ife-cycle processes

10) 1SO 5198, Centrifugal, mixed flow and axial flow pumps — Code for hydraulic performance tests
— Precision grade

11) 1S0 4409, Hydraulic fluid power — Positive displacement pumps, motos and integral transmissions
— Determination of steady-state performance

12) 1S0 5840, CardioVADcular implants — Cardiac valve prostheses

13) 1S0 7198, CardioVADcular implants —Tubular VADcular prostheses

14) 1SO 10993-1, Biological evaluation of medical devices — Part 1: Evaluation and testing

15) 1S0 10993-4, Biological evaluation of medical devices — Part 4: Selection of tests for
interactions with blood

16) 1S0 13485, Medical devices — Qual ity management systems — Requirements for regulatory purposes
17)1S0 14155-1, Clinical investigation of medical devices for human subjects —

Part 1: General requirements

18) 1SO 14155-2, Clinical investigation of medical devices for human subjects —

Part 2: Clinical investigation plans

19) ISO 14708-1, Implants for surgery — Active Implantable medical devices —

Part 1: General requirements for safety, marking and for information to be provided by the
manufacturer

20) 1S0 14971, Medical Devices — Application of risk Management to medical devices
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5.2 BEXE (KNIEHAAHZIREENHETR)

1. FDA : Preparation and contents of application for ventricular assist devices and total
artificial hearts, FDA No. F89-33838 (1987)

2. NIH: Phased readiness testing of implantable total artificial hearts, request for proposal,
NHLBI-HV-92-28 (1992)

3. ASAIO-STS : Long-TermMechanical Girculatory Support SystemRel iabi | ity Recommendation (1998)

4. AAMI: TIR26:2000 (LyZ=4EBN R DNDMEE R S X T L (2000)

5. NEDO: ERERFCARICRAIFI-AREDHAAB ATIDE S X 7 LBAFHERES 70 )L (NED0O TR <
2 k) (2001)

6. BRAIESRFS : EEDFLICHT HEEMBORKGRERTA K34 > (2003)

7. 1S0-14708-5 (Draft): Implants for surgery - Active implantable medical devices
Part 5: Particular requirements for circulatory support devices (2005)

8. L.W. Stevenson, R.L. Kormos, et al.: Mechanical cardiac support 2000: current applications
and future trial design: June 15-16, 2000 Bethesda, Maryland, Journal of the American College of
Cardiology, Vol. 37, No. 1, pp.340-370 (2001) (#asH)

9. NelsonW, Weibull. Analysisof reliability datawith fewor nofailures. JQual Tech 1985;17:140
-146. (1ERETEARHT)
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Al. RN 2EEEHME

F1EFAREWG=E (FR18E TA 5H)

- R 19 FEDWGIRETAHZELUT DX S [TRDT=
1. TAH RU'BVAD (RDMEBIA T DOIEERRA A K54 >
2. AEBBRVATLIZET S04 R34 L 0BNRE
3. EB®HRAHBANTOIEIZEEH ST A EAEREDHE & RAHER
4. BHIAHZBEH HMRE3D-CT T—2 R—2R 1k

F2EFAEWSE (FRI18F 11 820 8)

- EEBREICET HKERE (10 A 158~22 B) ORRE, F—LERICEDAERKS, RFHEH., RO
RIRFEDEEMNBH SN-C EFRES T

- MAMHBRE~NDREERZS Y. FRARGKCARRERZEICODVWTaAVEV Y REE ST,

- TAH DRV L T, EREMASRILTHARY HA FSA 2 ELTIEIVAD DXEEHBETHDHED
FEHELDHY. BEREFDHZ LITH o1,

- NEEFTEDTRIC L DM 3D-CT T—2 ~N—R 1Ll SEEREEZRDT-,

B3N =E (FRI8E12A258)

ARERHELYEEARIOV S LDOBNERZIT. RLKERT v7— FEMRREN,

- THAMESERAD KRR OBRBRENAH Y . BEFRAORFIIOVWTHERENHY . W6 RRIC K HEHiE
BEEMT S &ITiot=,

FaEBAREWGRE (FRI19F 2A238)

-BR7 U7 MERBESHY . BREFIATORBOERAENE LTEEER. 42EFRETEATY
B ENBALME ST,

‘W6 MERDFE. BICETAROFELHICET IEETL. REEITHLYLHRE (ANEX) (295
AETHBI S LITG o1,
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A2. BEERICET SRERS
A2.1 RETOEELBRICEY H2EERS

A1 1aaVE7RE - Za2a—3—9 FJLRAEFY 7% (New York-Presbyterian Hospital)
HAE% : 2006 £10 A 16 B

St : Fellow doctor, 2 VAD Nurse Practitioners

LVADEEEE
1) EEIR (H&K1548) : F912~13R1EE
2) [RM54
IR7E. HeartMate XVE, HeartMate 2, Thoratec IPVADTHEZ{T>TH Y. VentraAssistDERLEIAL
TWAEHN, CHITRESESDZ EMNFRAIESNTULVEVLDTRANTEERZKITTL S,

HEESBICBIT2ES
Key Word : F—LEE
JOVE7ZKRE - Za—3—9VTLRETV 7 UMREETIE, FTiEA U/ \—TLVADF—LZE#HRHE L T
V%, Ventricular Assist Nurse Practitioner(FEH T, £ARDFEBETo>TULVS,
F—LmKIETROEY
o« DIBSVEIE / 34
eFellow / 34
e Nurse Practitioner (LA, NP)
ARICETEVBE T, EMOBEETEZRETMULAZEEZHIT ZEMNHES/ 38 (FH)
e Cardiologist (F#fs)
HEBRICBEVWTIE, F—LTEEITLIZENBDETHY .. LA LNPEVentricular Assist NP&EL
TERSEDLIICL. BEBOEMIHFEOAREZEOLTE .
DEBSNEIERUFel lowld, 7 ROHA T, IUTOEENRDONIE, ZOROT 7 IZDENFIE L BEE
ELAEMNS, NPAERE. 41K(ECardiologisthToTLVS
SADNP TOL T MEIFE T, BE. ERAHESAFIZL TS,
Destination TherapylZ2DL\T
DTIE., HEBETORIFLGWOLZEETLDOTHY . KENEIL L. RIFLGOLNGELNGE L Lo1-15E
DORIEHEEE TGS, Fi=. BITIZEWLTH, DEBEORELN oHANTIGE, KEHNE LGS
BT HAEOMENEREE TS,
DRATLo b TDRDZEENANBAZIESL T, BOREERLIFAILHY. BITRUDTIZEH
WT. KEANELLIEE. RARURERCEEREXATLVH A (Care Person) &1fE L. THRHES
MNIELVADDEREN ZH1EF 5 Z LIZDLNTICEIT > TLVS,
Ft=. TOESHIRRIZE o =15EIZIK. Ethical CommitteedoREHFIELEH T, RO ON-FIET.
ARBL., ERICEBZULO-HLH 5.
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ABRFRDLVADEE & B
1) CASE#1:HeartMate XVEZEEDAE MBS
RIVTUNAYTIAATARR, BETEHEL T, BiEJR MIFEEONGWESE
2) CASE#2:Thoratec IPVADT. MilMEBNZ1T o 1A', RVADTIEL FSJILHY . BILHEEEDSE
H3BDI=1=. RVADZES L. TEV/NE &,
Bi-VAD/M 5LVADADEI Y & 2 FHfiE D ) /\E ') T AR
LVADZEE L TEM &M A+

REEIZDOLNT
1) T ROREIZDONT, ERMIZIE DR T LDMal functionishik TRIZTCover LTLNS ]
n, TEEDOXIILL .
2) ExplantZzHELLGWVEFELDLENSETESD,
3) 2EEHLRT. RENMRET 2 —RIEDALY,
4) AHERTOHEBD') —RAPERAL EIVendor BUESHARRU S —) NEE L, RIgStL
EL TS,

a4 E
1) REMATCH EfEfEE% / 1993~REMATCH Bata
2) TEEAMEE Care Person
HEEEEDSS WD RIEAHY . KY 10%EEBFOHEFE. 2D 2000READEE
ZEHTEREEBETOIARIAD K
KHARBEEL LTWWABH 8RR L. BATY 7ETVERLTEY  ABICHLHEIITL S,
3) ‘EEBET/NAR
IR7E(E. HeartMate XVE MEEAREANRELH>TD
4) HFE - KiK. Care Person ~DBEHETHO FL—=24
a. AR
EBEETIZ, 2E0ORRNTD FL—=2 T EElE
(BHst L, BZESTER. TOREATO L—=279)
b. BASAEFHA
FHEFAETHA. 10U SHEERO—IRFERTER
* Heart House (R DRBAEXIRIEER) & LN ATEARTREMEAKRZEITEE L TRESN TS
Y, BATO FL—=VJREITERINTNDS
5) JRlEh o iEERFE TORENRE LR
3 BFfE
6) EBCEDEEGLDOAE
EXRMIZIFEFT L TUOGELD, ERICITEDEEZORF—DA VA RSV 2 =0T I0TY
N EFT-oTWREEN D, 2TIIEEBSOBECHIEHEFEICLDID
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) HEERAVATLIZDOWNT
REMATCH ZiBFIEHEER D S A T LERAF LR 1=, ZD#%IE Vendor NZDE N ZEEIA
LR -FAELTLS
8) RIEZDERTHEE
a. 1 [El/#E
b. 1 [El/5&8
c.1[El/A
AR @A, Cardiologist AVEY
9) HEERDOIRXTLRNER (HeartMate XVE)
a. 12 Battery
b. Control ler
c. 24hr. Back-up Battery
d. 24 Cable
* D=y T)—IZEBHFEEICDIT
SDECAH, HREL, FELEICHLT, BEICKERZFMELTWLS
10) BIRED 7T
a. 24hr. onCall QQUDBEBHTHDIRIAY hERFE L) VAT LA
b. REETDH/N\—
o 24 B5fH] - BEMICK D77 RIEH/N—EL)
o SREIEE RIRHN—HY)
1) FAfAEEIZDOLNT
Community Nurse [Z& 2FhIEEIL 1~3 E/BTHAHH, BBHEEDOH TLERXTHEN
12) Community Nurse (LVAD [CERSZLAD RL—=24
Community Nurse ~®M kL—=2%"%. NP WEHE
13) BEHEA
BT YR MEFBHLTLS, BEDYA Y - Ty XFEL
14) BRERE (RFTIE 119 [2E2LT HH911)
a. #911 EEBEIA~®D Integrate Training
b. Medicare(ZE3#LLY), Private Insurance ({Rf&H/\—)
15) F—LERk (L)
16) EEBRBEADBAT
BEREFICIE. ORI S TARSE Tz, TOETRINATHLERRETOT 5 LA
BEINT
1) PRATLREGLAEER
a. HeartMate XVE : Hand Pumping TD#EIXIIG
b. Volunteer Ambulance WEB ™SI —a7)LEAHroA—RKLTHIEL, BEICELTE
* (RERUGE) ~NEEMEHE
c. ®ixg B1=&IZIE. CRP,BP % EEF9%NEE: (CRP, BP fth) ASHEE
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18) Explant Pump
a. JREREF(X. RBREIDT=OEANREL TLV:
b. IR7EIE. Malfunction AEE SN TN DEFDHRE
c. FIEIZE-TIE, Explant #FELEWNV—R1HD
19) BESHIZKBHHR—
Anti-Coagulant [CDWVT DY R—ENELATHY .. BWAETIE Malfunction [ZFE A EEL
20) FEHERFHEEAR
FIRIZIE, 13wks RTRTHAHD, REZEVTETLD
Blood Type 0 DEESATIE, 18mofFbd&Ho1=
21) #BHEL LVAD JAERIEEL S O—T 4 R—2HMEH
22) REREEGIK
BRI—TAR—FLBRI—T A R—RFEERRIYTHND
23) HAEDRLBEZEINDIVRY
a. FE (WIREMEIZERSNGEE) ~EENRIBICRSGEREOERZAVLILELH
Y. FEHIZ & > TIERFOMHEANITS
b. FIEIND=2—3—Y KIEBEDKEICIL. b BOBEBEIAN LR TCERBIEEZITVLREL
1=
24) HEH. RLEELE-F YT - RS A—=421F?
Ny T)—DRREZR YT
25) EE=AEHn
18 &%
26) ETINA A RL—=>% & Certification
a0V E7 K%Y HeartMate XVE D  L—=2J 1R T, F—LAICRHLITo>TEL:

REIC.LVAD [CRAEEBRTED TN ET, EDLILGTNAANEELELNEEZ SN EDERMIZRL.

TINEE, AVFFURTY—TAEDRH S, /Ay T)—Na2/ FTHEGHEL., TN &
EDEETH-I=,
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A2.1.2 7S51\TRKEfHEE  (The University of Alabama at Birmingham)

SHSIEEE:2006 £ 10 A 17 H 13:00-15:00
Mg xthnE: Registered Nurse Specialist

UABKZSmRmLVADE 5
1) 7EE 184 (Abiomed{ks\EFEE ZET))
2) 204

EEEEICHITSER
1) EEEEOI7
e Clinical Nurse Special ist*Ma7 &% > TEHME
NP & [FRG S, BELEIGH AR
e Family Training / Care TrainingZi8
2) F—LIERK
o DFEMESE 2 (attending) +1 (Vacantd 5 — Aattending®Snd 54, IWAEZERE)
Attending Dr. (DMESNRIE) 24
e Cardiologist 5%
e Medical Director 14
e Coordinator Registered Nurse 24
e Biomedical Engineer, Financial Mgr., Purfusionist
*xLVAD & L T F— L TIHEL
*FEMEEETF—LERIZESE L TUVE LD BEEERITH#EE L TER)
3) NP/ 5%
WXt (on—cal ) . ZdIZACentral LinefhiE7A: & Dxtit & EHE

VADR U5 tE B & TRiR
1) VADR U4t 28 & fw iR (20FK)
o [GIZEFRETRIRERRZE : 2
o BIEFE /:1E
o 1BE I 1E
o 2FHEPA Filter - % J— - bA LAF
o 2EBTAICFELHY
2) F—R-RT—L 3 TETCNERF*E=4—
+ F—R - RT—L 3 VI, Pharmacist, Social Worker HhVEE:
3) ALy
o BERKRDMMHRWE., 1 ADAEAT
o ELVEPE THRIEDFE R VAIEE. VADTOEEANEL b &, TAITREITAE>TEH L
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L FL—=25%ToTLVS,
4) HhEEERdiR
B L CTVADRUBHEEERDNKREHY LBTHTEE LT ANAF TG ET2 TV,
BEOMEATIERPEDRBIROMBORMEN G VADEE) | kAN Y 42 s0vHY
I ERRE [EREICOBSE TS,

ICU (20Z%)
1) SEFPNEARELSKI-OT/NEOEFEAEML TS
2) 20 BR (17 KA Open Room, 3 FRDEZEHY ; REMGIVCREEEL ETER) NEFRA
3) NP(EFH 5. Clinician AEEN - BEEHEOII 2 =5—> 3 Ui, RE - LEZEE
4) BE=RY2Y - DRTL
Ny K44 KPC : X-ray in digital Viewer (Commercial available Type)

MEE A E
1) BREE—REHI
199648 1255 — Bl DR B e
2) FERATNAR
HM 1, HM 11 , Devacky , IVAD , PVAD , Abiomed , Incor
3) MRRATNAR
R)L1) win— b DExcor (714 A THEAA) >RE10 B4R, ##L TICUTERERZKEITTLNS
4) BER
VADEHTXDEE X, DT THRFITITo> TS,
VADEE TIIEARMICHEERENELLEH>TLS
5 BIEBHETO FL—=4
a. iIBBERT 1 BB SRKKEED FL—= ZFR
b. 2-3wks 7/3— FTTEALAA S, FIEL TTL
c. ZEIEEEDBEEDZS. ” Town Housex” LEDONDMERICEL DR, BETH5—R1
Hb,
*HIFZIREIZK Y. 11$/night 2ZEH Y. &YX 45-608/night THEARTEE
6) REERIICHERT SBERE
Electrical Tester[C&HEIR') V—ADIERDH
1) #EET0O45 S LFPackage
HEtfthh 5CD-Book | et-VIRZ EAHE SN TS AN, BEDFEFIKRH SPC, DVD-Player
2THELT, BALRNILEEZEZDEVIRNRLBEL TS LS5 THS,
8) JAlES 5 HEEL F TOIENRFHE LR
283
9) EENICEDEGZOAE
EARMICIEEFAT L TLVRL
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10) BEXG EAETIINEZET HH011 & AkGIHY)
1) F—LiE (ki)
12) HEE%IZ35 1T B VADIEIAAEIEK

20~504E B/ F (REERME 34 EH)
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A2.1.3 EYYN—TKREZEATFT 4 HhILEUE— - TLRAETY) 7 UHElE

AR FRK184 108208

HRNA T DR a REDE
1985 £ : Jervik7 2 & B AT IEDEEER
1990 £ : AT ZEE L CTHAKVOER (1 HABEESR)
I O IBEOMMATLRERAWAEETOTLS,
IRTEFE TIZ 350 A2 VAD %455
ZM 55 100 AHVAD Z455 L T:ERE
ZD365—ATELLTWLSAIXL A (5%

RN A IO G R T — LOHE

- Artificial heart program [&. Vital engineering &UL\S ZRIDIEETEESIN TS,

- Vital engineering staff [X. Medical director (R. Kormos, M.D.). E{E® Biomedical Engineer 5
A (PhD 2 N). B{ED Nurse coordinators2 & (Nurse practitioner B U Nurse A& 1 %), fEIRE:
REHORRELEL & DEEE, R 20 ADIEEE) Biomedical Engineer (47 RR K4, 16 KZ) A H4-T
AV

(Biomedical Engineer [(FEREETIE L. RhhiRHT-EH&, Clinical Engineer &LITEL S,
Clinical Engineer & ME #428DRTFEEDAHFITI )

Vital engineering M&E|
(L[]
- BEOETE
c READ A Y ARUVEE
s TNARPAVY—LDEFERVAVTF IR
- EERE
fiirep
- FIETOYR— b
- AVR—R YOG
- TINA ADE(F
- BERUT/NARORYEL ; VY —)LikEE
fiiri&
- FEMN GBI EHMEBBERVT /A ADERY KL
- Kkt LLIEHEET HADHE
- JNE
- 24 B R DEGPRESELAfTRO Y 7R— b
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- A a— )L DERRIIEMMERICEZ S
- FEEBE. TR MOEFHOYAR—
- TR DIRE
IRBED Zfig & IRFBEER O E Y KL
BLEE
ARy
- BERUHETHA
- T TOYR—F (BhY DIFTARRIELHERKRE)

F—IIUO=TDELY
Biomedical Engineer (&, T/\f ADRi&, WA PMEDYHR— b A TFIUR | BEAOEIM
HEER U ZIT o T D,

- Biomedical Engineer (&, 24 BREEMAFHEL TLND,

BREDT=ODEED FL—=2T 1%, Nurse H1T5,

- RBFICEK, RAATAAILEUZ—ITKTEL I, BONETHITEATVWSEER, < DFEER
[SAEZERET S &L H b,

- RERNOREBEDERICALTYH. FOREIMEEEDHEFREEEZTo>TLD,
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A2.1.4 RESMEERMRBEF LD GAEHME : R 184E 10 A 15~22 H)
Columbia-Presbyterian Medical Center (CPMC)
University of Alabama at Birmingham (UAB)
University of Pittsburgh Medical Center (UPMC)

(WEFBBEATLIZDONT

FEFRELE LT, KETIEEERUREADCYMNZ LAY ) DO ER-H. NEIEICEIEE
MF7ELE S Nurse Practitioner &Uv5 VAD JEEREFIRZE %4 & < (&l (CPMC, UPMC) =& > TLV4,
fhi=. Nurse Specialist (UAB) 4> Biomedical Engineer (UPMC) £ ;8B F—LIZMZ TWRBELHY. F—
LAFHIDRENEE L DFHIEST-, FVADEEZVWELYBERRSEDIDTIEG L, HREERED
4 SEREER (Town House) f& Y EIF1Z & £ EIGFIGR (UAB) M —E M THN TV D,

A—H—1Al% Power base unit L EDEEHIZE AL TT S, Vender EFISHHFERII L THERA D TD
(FMRIERSE TITL, HALVBRBROHEFLETEMZNLGWMARIZ L o TLVS, HEE LT, BEEE
B3Rt BETRICHESFLFERL., BREGAEGIHERETEIERKE - THNA RIREBOEZFIRTEE
HEEHBIETWLD,

(2) HERZBFAET—2 ~X—X (INTERMACS) [ZDL\T

NIH 75> MZK URBIRESE T/ RICET 5HRE. RHET —IX—RBEET F/1\TKENZEEL.
2006 £ 6 AN LHAEIEFE o1z, ABRFRRVERREDBEEFERUVTNSA RADT—E2RA—XTHY. Blc84
HOT—EHEFE->TLD, Al GRTE 84 1E5%) DERBRGHESFIZLST—2—X (B) THY. R
BOEEEXREVHLD LAV, FRBRGOTLY—7 v T4 VTRBICIERWVZRIDEEZ DN
%, FDA (£ T—2 #BETE LS - EEAFENOT—2 LARZLVNKLSICLTHS, Lizhto
T. MEEMIZIL FDA DBEREIZEZILD,

CODBIZARYL FMb) ST 50 E IMDNSERDEEAEIE, EH—XTROHP [TBEF N TS -

http://www. intermacs. org

Q@ UET—%
- CPNC
BEF—L : 6 surgeons, 3 nurse practitioners
VAD BEH : TEFRTARES AL BEEI—15 AL 55 20%H— AfEFLY
VAD Bk ——X : small, no infection, cost-effective, |ing-life battery

- UAB
B F—L : Nurse specialist(a—F 4 *—42) R Nurse practitioner A3LV3
731 : BHEFRARIC 20 BR. (DfAEBIRIRICELIR 2IREEOHT 20 KH D
SNEHEES - 10 # B LARD:BREEIEER Town House A% 14 dH 5

- UPMC

BEF—L : 1med. director, 5biomed. engineers, 2 nurse coordinators, clinical interface
VAD &%k - RFETARBE 250 A, BBFE 100 A, 55 S%h — AfFEFELY
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A2.2

A2.2

BN COEEREICET HAEHRE

.1 North Rhine-Westphalia Ruhr University of Bochum (Bad)

(a) WHADEEEE

A

TE

R

HiEE

u—y

: 1994-1995

Novacor

86IAVE 1 KM 52038 MIREE, SFIAUNE Jevs-. AFIASERB=EIC, FIEBEE (203, 100,998) 24
[FEEICEIF

Fey 0, El-Banayosy A, Arosuglu L, Posival H, Korfer R “Out-of-hospital experience in patients
with implantable mechanical circulatory support Present and future trends” EUROPEAN JOURNAL
OF CARDIO-THORACIC SURGERY Vol 11 Suppl ,pS51-3 1997

. BEIIHHDERI R

2. RYBEBEL LN EDRERILT 5 L EFVLEERBROE=2) T

~N e ok~ ow

For this reason patient, family members and family doctor were introduced in the function and
power management of the system, patient wound care, dealing with alarm situations, how to behave
in an emergency situation, and who and when to call for help. The training included changing

of important technical parts such as the Compact Controller

HAOQOME. KE. AE. RO THEHK, RE. R bO—V KR 2 —LEZEEBSHI R
BE—[EQuick’ s self testZEhE. BELEBRNH>-IHFEEICUIZEEZENDVEY K

RUID— 4 AITZED=8IZB—DFami ly doctor DFAREHLE

F—JLADTTIE 2B EITRKEFE=(EFami ly doctor A3k

BIKRTIE, BRDO—+4 AIF108 Z L IZLVAD operator WEEZEAR. TDH®IF—AZE, Zd & EShort

clinical, #H#E=FH - FBHFRIZHE, y—J)LORZE, a complete VAD function check % 3Ef

8. 6 B LICEBIIBIELYI-ZEHRB., T ® & F echocardiography, X-ray, ECG, clinical

examination, neurological/psychological examination, wound inspec-tion, laboratory tests,

detailed conversation be-tween the VAD team and the patient ==},

b)EEEFEEOTO Fa—)L

FRF A

EE

R

HiBE

PATI

: 1994-2006

: Novacor, HeartMate, ThoratecVAD, LionHeart, CardioWest TAH, DuraHeart, CorAide

163 A DTEEEENovacor (70), HeartMate (28) , ThoratecVAD (19), LionHeart (5)

CardioWest TAH(21),DuraHeart (7), CorAide (13)

International Society for Heart and Lung Transplantation.26th Annual Meeting and Scientific
Sessions Apr 5-8, Madrid IZ&I(+4E| BanayosyKDFERRA S A L&V

ENTS SELECTION CRITERIA

- Patients fully recovered and ambulatory
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- No end-organ failure

- Partial recovery of left ventricle
- NYHA < |11 status

 Adequate family support

- Participation in intensive training program

Out Of Hospital TRAININGS PROGRAM(PATIENTS; FAMILY MEMBERS;HOME DOCTORS)
OBJECTIVES

- How to operate the system under routine conditions

+ How to troubleshoot under irregular conditions

- Self testing and documenting of INR, BP, body temperature

- Caring of driveline exit site

Qut Of Hospital Protocol (History)
 Patient discharge accompanied by VAD-Coordinator
- At home teaching for the family doctor and other ambulatory caregivers
- Frequent home visits (every 4 weeks)or as it needed
- In hospital ambulatory examination @ 3months (Lab.
- Echo, Chest X-Ray, Technical examination, Exercise test, Exit site or driveline examination

and redressment)

Out Of Hospital Protocol (Today)
- Patient discharge accompanied by family member or care givers
» First ambulatory examination @ 14 days (consultation and lab.)
- 2nd ambulatory examination @ 4-6 weeks (recovery evaluation protocol, echo, hemodynamic
exercise tests including RH cath, lab, EKG, chest X-ray)
- 3rd ambulatory examination after other 4-6 weeks for recovery patients otherwise after 3

months
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A2.2.2 University of Vienna IZ8 T AEEAFBIRER

RFEA - 1998-2000

#EE : DeBakey VAD

& : 1 0l 3FIHEREE
1518 DEEEE (L 5 B BIZBEFHIRANDOFBRED SBEEENBE &G Y BAR, EBE EY
[ZONBREBRHEML., RO TRENEDT D& EBICHDBEEENMET L. AEH10kgtE 2 FIRDT=
OBEABRRET 5 LBEHAEEETICEY SEAREGY . Mk ZH S BREMN OMOFTRRLE

Hi# - xGeorg M. Wieselthaler, *Heinrich Schima, *MartinDworschak, FMichael Quittan, *Martin Nuhr,
#Martin Czerny, *Gernot Seebacher, *Leopold Huber, *Michael Grimm, and *Ernst Wolner “First

Experiences with Outpatient Care of Patients with Implanted Axial Flow Pumps”

Basic monitoring parameters in home patients with the MicroMed-DeBakey VAD

Patient self-monitoring

Frequency of registration Parameters

Twice a day Blood pressure (with ultrasound system, if required)
*MFRHERDT-6, BERt Y —ZiEH
Heart frequency
INR (with Coagu-Check)
Body temperature (as early indicator of infections)
Pump parameters (speed, flow, power)

Once a day Daily Weight (as early indicator of fluid imbalance)

Every 2nd day Data transfer of pump parameters and event lists

Routine examinations in outpatient care facility

Frequency of examination Parameters

3 times a week Laboratory chemistry: RBC, WBC, CRP, creatinine, BUN,
LDH, GOT, GPT, plasma free Hb, Na, K, TT, INR

Once a week Chest x-ray, echocardiography
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A2.2.3 Bad Oeynhausen (Mgt >4 —IZH1+5 LVAD Bz 045 5 A

1.

2.

BEEM>

LVADBR M ERFREAER (26651) 2811 % BETRIE

F/3A X : DuraHeart

: 13%(19/26. FET=7451Z R < &100%)

FYABRBE (EAAHFil—-BB) : 45+26H (28-147H)
EREREAER 70 b O—)LICI+ BRI R EH
Patients may be discharged from the hospital after they have satisfactorily been rehabilitated.
A Hospital Discharge Form will be completed.
To be considered for discharge during this study, a patient must:
- Have been hospitalized for at least 14 days after DuraHeart implantation;

- Have no medical conditions that preclude release from the hospital, such as serious

infection, persistent right ventricular dysfunction, severe neurologic deficit, etoc.;

- Have adequate wound heal ing;

. Have been determined to be NYHA Class ||| or better by an independent assessor, and be

able to perform physical activity that would allow the patient to function at home;

- Have normal or consistent renal and hepatic function without symptoms;

- Have a normal nutritional level;

- Demonstrate that he/she is emotionally and social ly prepared for discharge;

- |dentify a caregiver or caregivers to provide continual assistance and support;

- Be willing and able to return to the implanting center for evaluation at the intervals

defined in the protocol;

- Be willing and able to record daily pump parameters and other status information as

defined in the protocol;

- Successful ly complete training, along with the caregiver(s), on device operation

troubleshooting, and emergency management;

- Be personally able and have a caregiver or caregivers able to change the exit site

dressing.

(1) Hospital Guide

Chapter 9: Patient Management

+ Anticoagulation
- Exit Site and Would care

- Patient Hugene

Chapter 10: Patient Education and Discharge

- Checklist for patient education and discharge

(2) Patient & Caregiver Guide
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(3) DuraHeart Patient Card
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A2.3.1 BERRTY V77— MRAER

1. B8y

A7 or— FREX., EAEIZHSIT2HEMATDBESESNDEESR - tSBROTREFHASH,IZL.,
Destination Therapy Z&&H-REAGBIATDIEEED QL DM LEZBiEL-#WATLMBEEERE 0
SLERET H-ODOEREDEREZENT S LIZH S,

2. EH

2.1 EERE
HERBLIL BENBRR L TCRABEEZECT-OITFERT B TE L LTGEVER T 15T (E
B) ZHRLT, ECEREBETEEDLIEZL,

2.2 4hA
sREE. BENRRET . FRICRY FERERLE-FFE EENSABEENZEOELY), Eik
LT3BURA (2:83 BURA) DR, REBHNDERRIZERT 52D,
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2.4 NEE
NEELF, RRIELT, BEDEBICRABLTERZL - TNE T D ENTELEEDREE
ERH

58



7 vr— FEIEW

— e

-4

CFA (EHELE

S - CFR

FAX &S

Email Z7KLX

"RBHELSEAE LN, THEREREES LY,

. BE®RIOTS L

1-1 BEERIATSLTRELEZFIN?

@ 2T VAD EEEFIBHETH S,

Q@ DBV ETH D,

@ Destination therapy IZILETH S,

@ BEERITOY S LTRBRATRLETIIZD FBREVE) ,
® BERIFEIOT T LITEBR - [FRELITBETIEEL

® oD ZER(

1-2 BEERIOTSLDBBEEDLSIZEZREFTH?

O BEASM

@ BEAA0-2818E)

® BEEk

@ HRERESHOLEICMC .. EifE LTRBIHRELG L)
® oo IER(

59




1-3 HEERIOVSLXELLE>TWLWSELD) ZEELTHETMN?

D BHEDTNARIZEWTTOT S LEERLTLS

Q@ —MRIETINA ATHER LTS

@ BEERIOIVSLEILENDTOTSLIZIKELTLS
@ BEERDTHD

® BEFRTIEEEERITOT S AIFGEL

® ZntnZER(

2. BEEIRTOT S LEBRRRTH > TL\AERDELEIIHT HER

2-1 BE/IRTOT S LTHASMER LFE LA ? EHEZE W)

@ Eh

©Q FEiEkm

@ EERIFRT

@ BEEEEL

® EHKBE

® TN REEE

@ ZDAth( )

2-2 BRRCREERIOVSLEERE (—FIMHESD) LTLETA?

@ EHELTWS (ChETRADEFNNBEEERSNE LIzD, £)
@ EfELTLVEW

@ EHPIZEREFETHD

@ Znfh( )

2-3 BERIRITOTSLEEREL TS T/ ADFER

@D 1E&HAAE! VAD (Novacor, HM-IP, HM-VE, EVAHEART, DuraHeart, Jarvic 2000 %; &)
@ AS\EREER! VAD (B VAD 72 L)

@ EBHIAAHEIVAD L ASNEREZY VAD DA

@ REDT/NA ATIZEEERTAY S5 LEEMISEE

60




® oo TER(

2-4 BEERIOT S LITHENEE -REICHEELETH?

F7-.

BHOBRENEET HHEE. TORMLERIENS SWTT

M (EHEE A

R Na S
(AZTERETFELY

@ ERR

©Q FiEhm

@ EERIFRT

@ EFEET

® HHEHA

® TN REGEDE
@ Znith

(

( )
( )
( )
( )
( )
( )
( )

SEETNT I LOBTIKE TR

-1 &EIRT. INFETOWIALTDBEFESZL? F-SEBET/\1 REFDIH. 44A.
0455 LOERDATEEEICDODVNVTEDKSIZEZTFIMN?

"'ET

BN T B | TS L saTnyg S A "HETOTSL
HEH A FA A FA A FA
BAREA Y A[EE A AlRE AH] AlRE AH]
HeartMate IP AlRE  AF] AlRE  AF] A[RE  AF]
Hear tMate VE AlEE Al Algg A AlgE Al
Novacor LVAD AlRE  AE B[R A A[RE A
Jarvik G- N G- N AlgE Al
EVAHEART AlgE Al AlE  AF CI:CR |
Z DAt ( ) A[EE A AlRE A AlRE A
&t

61



3-2 ERTHETOISLNETOTSLEEGRR TOTSLEEBLERAHYEIN?
NETRYEFITREBLEL =7
GEBIZIE, SMEFETEALEFZNEIC, SMNEaETEAZESZNAIC, EEXTTEALESZEE
ELTERESERBLTLIESL, )

TOU 5L | EFE | HBIATLEOESE

HhH BOEMM(C 4D, HM LVADC  #5l) . Novacor ( Al) . Jarvik(  4l)
VA= HM LVAD(C  #51). Novacor (i), Jarvik( fi). £dH( 1)
£ (GRRR) HM LVAD(  #51), Novacor ( i), Jarvik( ), Zofta( i)

3-3 SHMHTOYUS L, SMATORY S LA, EEGRR 0TS LFOEREN
EDBICEHNBERB EEZATVNETN?

HETOY S LBEIGES BRDOF & HEHEIZE )

KEERINE SRR D1 v A&, @24 ARk, @3~ ALE. @( )4v ALK
b} #6 (R EI7& B ) O1 LA, @2BEUAN. @( ) BEFHELN. @FICHIBRIEZ
NEEFDFEHL OwrZa, QRREIZEL D, OFE

£2E - REORE DOfE - FikLHITWAE, QBEEZITTELL

NYHA 1(MRED 5 R* @1, @I, Q@m. @

miFMREREDRTE O, QRREIZEL D, OFE

EEREN OBIAISHTaIRE. @M BISITalEE. QEBZFTFHEMAEE. @ZDfth
FEIKBRDRE Oz, ORREIZEK D, OFE

REBIRDTLIHE OB, OIRREICK B, OFE

EeEDIERL O, ORREIZEK D, OFE

FFHEEDIEEE OwE. QRREEIZEL D, OFE

3-4 sh. shE. EEGRR) TR 5 LFOUTOIRARITIBEATEMN?

Al

FMEIE R (WREB OEMA HAIFREH S FZELY)

ARDE - FF

R

OHEBBDER L—=24

DA, QFE

QREEBE 7T FL—=12T

OE. QFE

QvrI—iakL—=24

OE. QFE

@RERFOHOGE N L—=2Y OE. QFE
@B&ERREDILAL—=1T OE. QFE

GE)

62




FABESIEIIRR A BRRE

OEE - NEBFLIHEPIZNY T OEATED

EREEEEHSNE | oL, DA, OFE
@1 _xﬁ%ﬁnx By —, BEHFICRGELCE DHE. ORE
hedZ &,

G L= ZICBRIZIBEDES. BUNENRERLE
OwrE, QFE
L7ELNC &,
@DEBRUNEED B RIEIZHBITITHEELHDH LR .
T DYAE. OFE
& 'O*L%) _& °
C=y)
Rl EIlFE B ERRE @Eﬁﬁ%%bfﬂﬂjqﬂd)*%li?ééﬁé LTaykAa—
ERKEEEXEDOLL | SO . ROREEZSNR-FIZ, WELEENTE | OE. QFE
S 5 &,
QEBRUNEEN C BREICIRITIHIERLAHDEE
" Sadh DRE. OFE
Honsd &,
(Efn)

ARSIl CERRE | ORHEBDEE. HWmA LVAD £EFEEDZECH - T DA, OFE

EERBEZF OB | LVEWNT &,

IHE QBT YI—i8hRIEL L TE S, OwE, QFE
QBEETHEEEEHRDT TN TES, DOrE. QFE
Q@FERF - XEMNLEN & EFERT 5, OB, QFE
OHEBELERRBRERAROBAREDSELRE |

DZE. QFE
IS TULVA,
OEEEEEMNMERATE S, OwEa, QFE
DEEBRUNEEN D REBICBITTIEELAHD

! DYE. OFE

&,
CEEMEN SEEFEE TAHRIBEMEZALE »

OwEa, QFE
We LT 2EBBLUANTRFETESZ L,
(B

fAEbestilsE DERRE | OFFBHIEAELL TN B, OE., QFE

EEREEZFHMEL EREENTES, OwrEa, QFE

2;A3HDOERNAE | QBB LNEEDATUY I —AHEBELL TES, DKE. OFE
DEEEBHEDT TN TE S, OwEa, QFE
OMEMNRL—XIZTE S, DOZE, QFE

63




3-5 REENIER DERFENTT LI-FRT, BIETAT S LICBITT HEDEE - KIED FL—=>
JICEY DEmEHAHNIE, BHEIFZEL,

3-6 Zmith. S, ShiE. EEGRR) TOTSALIZODVTOCERZRATHREHECZEL,

64



A2.3.2 TESEBMT V47— MREHER (E1%x%:18,/34)

| M 1 2 3 4 5 6 7 8 9 10 | 11 | 12 13 14 | 15 16 | 17 | 18 |
(NSRS S a= e N
-1 (A EEET a7 EEZZ FT002 HEHIE
O R TOVASEF LGN E T, 0.500 1 1 1 1 1 1 1 1 1
(ORI 2T RS e aovs 0.389 2 2 2 2 2 2 2
(@ Destination therapy (2% 0.278 3 3 3 3 3
[ONSE LT a=T o #NEe I "?’C TR O B U 5 3D), 0.056 4
© AEHIT 17T AEBUIN AL FPRES ISR THZR 0.000
® ZOMhOZ BT T AEE TR R Y AT ML OIS RIS LB Th D, BUfF L AT Al 0.056 6
AUTHE, FEF [ fieles AT A~DA I E D D AEDTIZN S THS, )
1.279 &
|fig’ Ijuﬁn\@ﬁwf&mt) ZEZETH? HEEE N
® I ~SM 0.000
® !It/\f’HH(l 20AFLLE) 0.111 2 2
&) ! | iR 0.556 3 3 3 3 3 3 3 3 3
® 1Eln"(ﬁb7§‘®ﬁ‘$«khdr< Tl U TR P PRE) 0.333 1 4 4 1 1
® ’CfDLfﬂ(D_ S BT T30 Ay, LA 4G T DMk A ZRELIZIEI BBV E VN ET ) 0.056 5
1.056 fi
1-3 [ B g7 0/ QG2 TOAL D) EFRL TV ET /02 il
D REDT AAATINTT BT T DEAERL TS 0.167 1 1 1
@ 72 T NAR TR L TS 0.056 2
@ NEMIRT I T AIEHEOT 0T T AEFLTND 0.000
@ BEMER T CThD 0.056 1
® BilRfsi Tl BT 077 A3 00 0.722 5 5 5 5 5 5 5 5 5 5 5 5 5
© =D = 55 b
] 1.000 &%
2. HEMIGT 00T 2% B TR QO D% O Se B 1927 M
2@—&5’&1@&.7@* Z DA MERR L E LT 2 (A v [EDE NS FEL FUEL FARL AL FNAS FATRL FAEL FAEL FAEL FAEL FAEL FAEL N
0.222 1 1 1
0.167 2 2
0.167 3 3
0.111 1 1
0.000
® -r/vrxzsét{ﬁ% 0.056 6
@D Zofh (3—F 13 —%) 0.222 7 7 7 7
0.915 &
2-2 BN T EH g7 077 s % (IS H AT T EG 7 2 i FAEL
O Fhiti L TODCAVE T4 OIERI D 1 TR S E L0, 4 24 8 9 7
@ JFEHiL T g 2
[OFIRE L ey TS i qiora)
@ Zofh (Fe—=271 4) 1 1
2-3 [T 07 7 5% il TNDT /S A ADERIR PG SATRL
D HLDIAFRIVAS(Novacor, HM-IP, HM-VE, EVAHEART, DuraHeart, Jarvic 200072%) 0.167 1 1 1
@ PRI FEIIVASCRPERTVASTRE) 0.056 2
3) ML IARIUVAS LIS EIVAS Ot 5 0
@ BUHEDT NA AT BRI T 17 2 i 13N 0.056 1
B 2O =55 b
_ 0.279 B
2-4 VBT 02 7 N AEAE SRR L £ 97> 2 FEEs
Fo BEOBERED ST A5 S ZOBERITENON T 2 (EEZE 7D | Lz olils Fav) HREEIE () AL AL
[O)AT] %) 17.50 20 20 10 20
® E&um ( %) 15.00 0 0 40 20
® W - ( %) 16.25 20 20 5 20
( %) 11.25 20 20 5 0
( %) 0.00 0 0 0 0
©® 78RR ( %) 10.00 20 20 0 0
@ Zofl (2 —F 1 x—%) ( %) 27.50 20 20 10 30
®Z D (CRC) ( %) 2.50 10
100.000 A
3. AEET 0T T LOBUR LK
3-1 BE T, ZAETOMBIA LOMRATE (10T
DN I T
E%%ﬁt}jj 334 1 0 2 10 80 15 2 2 10 5 54 118 10 3 3 11 6 2
HAEA 7 0 0 1 3 3 0 0 0
leartMate IP 17 0 0 5 0 12 0 0
leartMate VE 7 0 0 1 1 2 3 0 0
Jovacor LVAS 24 0 0 0 0 18 4 2 0
Jarvik 3 0 0 0 0 3 0 0
EVAHEART 6 0 0 4 0 0 2 0 0
Z DO ffi(Abiomed) 6 3
il 404 1 0 2 10 91 19 2 11 10 5 89 127 10 3 3 13 6 2

65



FIABET SAAEGIOIM S AEET 07 Z 2O E RO FTEEPEIZ DV CE DI EZ 7522
TN S IVA=VPN LSV 2 (EET 07T 0 HREE WA ABEID
HPER) HTHE  ANH] 0.50 0 0 1 1 1 1 0 0 1 0 1
HE  ANAT 0.28 0 0 0 0 0 1 0 0 0 0 1
HE AT 0.00 0 0 0 0 0 0 0 0 0 0 0
AAEAY HTHE AN AT 0.20 0 0 0 0 1
DN 0.20 0 0 0 0 1
HE AT 0.00 0 0 0
HeartMate IP HTHE  ANHT 0.60 0 1 0
HE  ANAT 0.60 0 1 0
IHE A< n] .40 0 0 0
HeartMate VE i MO e A HIHE  ASH] .00 3 3 3
Novacor LVAS e AH] WHE A A HHE  ANH] .00 3 3
Jarvik WHE An TIHE A1) WHE_ An] 00 3 3
EVAHEART WHE  AH] A A HE A A .00 3 3 3 3
Z D (Abiomed) I ANH] HE AN A e AN .00 0
3-2 HBTCHMUT I T A SMNT TS T A AEEGRED) T 17 T 2N FEli LT RN £ 2
ZHVETHHERCENMELELTA 2 GEFIENT SMHETHEATZIERZ AT SN E T AL
JEGIZ SN TET £ Tl ATHEZIET LU CRES TRV TIEEN, )
A2 JE B [HfiBh A\ T Ok ik Fehti L 7B |
S AL 7 0 0 0 0 4 2 0 0 0 0 0 0 1 0 0 0 0 0
HM LVAS 4 0 0 0 0 1 0 0 0 0 0 0 3 0 0 0 0 0 0
Novacor 2 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0
Jarvik 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
EVAHEART 3 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0
S HM LVAS 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Novacor 1 0 0 0 0 0 0 0 0 0 I 0 0 0 0 0 0 0
Jarvik 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
(EEGREE) HM LVAS 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Novacor 7 0 0 0 0 0 0 0 0 0 6 1 0 0 0 0 0 0
Jarvik 3 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0
EVAHEART 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0
3-3 AMNTRIT A ST BT TN AETGREY 7 YT 2O AT
L OISR LB & B % TOET A2
(ARSI S LAY | G i AL AZRL
P R AN E SR DixrH L% 0.471
2, H D% 0.118 2 2
B35 H DA, 0.412 3 3 3 3 3
() H LIk 0 1.000
TR 0.294 1 1
2[R LN 0.353 2 2
@ DIEFHLAN 0
[OIAEAR 0.294 1 1
OO GBFOIRIEC LV IR 0.063 1.000 5
T i O = R [OrZi 0.765 1 1 1 i 1 i
QRECLD 0.235 2
[OFES 0 1.000
EE R APIEhA O RET AT 0.941 1 1 1 I I 1 1
[O)EE: 0.059 1.000
NYHALBERES 7 2% ( 0.412 1 1 1
Gt m % ) ( 0.941 2 2 2 2 2 2 2
0.059
0.059 1.471
LB D T 0.706 I I I I 1
0.235 2 2
0.059 1.000
EIE /) [N 0.765 1 1 1 1 1 1
QI BT FIHE 0.118 2
@it B A E 0.118
Z DAl 0 1.000
AR ED 2 [OX& [ 0.882 1 1 1 1 1 1 1
( 0.118
0 1.000
S GLAE D S R 0.706 1 1 1 1 1 1 1
0.294
0 1.000
EREhE O L AT, 0.412 1 1 1 1
0.588 2 2 2
0 1.000
B GE o (E #AL 0.412 1 1 1 1
0.588 2 2 2
0 1.000




| M 1 | 2 3 1 | 5 | 6 | 7 8 9 10 | 11 | 12 | 13 14 | 15 | 16 | 17 | 18 |
3-4 SHLAMAL AEEGRER) 7 1T NSO LT O IR Z I WA T 2
S H (VA H OB SV aliRiz sy @ﬂ@@%%\‘% PR Y INE AL
OO —=2 7 [OX% NOEN 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Q@R MHEHT T — =y DA @TE 1 1 1 1 1 1 1 1 1 1 1 I 1 1 1 1 1 1
BV —irh—=27 DA, QA% 0.882 1 1 2 1 1 1 1 1 1 1 1 1 2 1 1 1 1
DR ORI IR — =2 DA, @TE 1 1 1 1 1 1 1 1 I I I 1 1 1 1 1 1 1
OME HLDORWAIN —=27 Ds, @R 0.875 1 1 1 1 1 1 1 1 1 1 1 2 1 1 2 1
G
Wb AR ABERE DR A il & ST Sy T D RN TEH L, WAL, @A EE 0.882 1 1 1 1 1 2 1 1 1 1 I I I I I I
PEYRE FH DI Q@NILAZ@EBI N2, 2L — CGERSICRERCRRD L, WA, O 0.529 1 1 2 2 2 1 1 2 L L L 2 1 1 2 2
@I LT LB RITRRIE 9% 55 . B G RE L2 & | O0A, @A % 0.882 1 1 1 1 1 1 1 1 1 1 2 i i i 1 1
(@;%Z%)ﬁﬁisnﬁﬁ&ﬁﬁiﬁf&%b:wJ'Té I BLHDENONHE, @A 0.529 2 1 2 1 1 2 1 2 1 1 2 2 i i 2 i
BIENI]T)
b I# BE:RS DEEYERE & DM H O BF T EZ L T b —FORGE, (D4, @48 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
PEWROE e 2 7R M (Of)}Z»'E)ﬁﬁ‘?atOu T NCEERSTBAT T AR M HH LMD LN DM, @A % 0.706 1 1 2 1 1 2 1 1 1 1 1 2 2 1 1 2 1
=W}
BEARIRR CREmE D& FR O, fif b S LVASHERG BH O X7 > TR 0.882 1 1 1 1 1 1 1 1 1 1 1 I i i 2 i
[ERRIE B2 — e |OfFE Ty U —in s e TS, 0.765 1 1 2 1 1 1 1 1 1 1 1 2 1 1 2 1
QN E TG HIER O TR TXS, 0.941 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
DREFERFZ SRR TR LA il S, 0.941 1 1 1 1 1 1 1 I I I 1 2 1 1 1 1 1
OREERSIRE S 3t £ e r AN WAL (12 W R/ yiN (AR 2 2 3 0.353 1 1 2 1 1 1 1 i i i i i i 11 i i i
OMEAS TR TE D, @zﬁ‘ O % 0.824 1 1 2 1 1 1 1 2 1 2 1 | | | | | |
DY B LU e E DB AT DB R H AL, DA, Q1% 0.588 1 1 2 1 1 2 1 2 1 2 1 2 2 1 1 2 1
®in! meLm’isamﬂ:}#anﬁm,‘x@msa&m~ [O2% iNHEN3 0.765 1 1 1 2 2 1 1 1 1 1 1 2 i i i 2 i
HALLL TG AN CRIFF TEHZ L,
DEH H LB ELL b, O, OFE 0.824 1 1 1 1 1 1 1 I 2 I 1 2 2 1 1 1 1
SRIEFE R DR 21N 3| QI B TX D, @z/ﬁ @15 1 1 1 1 1 1 1 1 | | | | | | | | | |
H skl QYR A LI H DT — IR TED, Qz/ﬁ‘ @A 0.941 1 1 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1
DR E@EL DY T N TED, OV, OFE 0.941 1 1 1 1 1 1 1 I I I 1 2 1 1 1 1 1
OREIE N AL R TED, @zﬁ (DR 0.941 2 | | | | 1 1 1 1 1 1 1 1 1 1 1 1
3-5 FBEAN IR DB e 1 LI CLREE T M T M BAT T BRI - RIRO M — =0 7T S
BEIMGERHIIE, FTZEN, AL AL AL FioeL AL - — AL AL AL AL AL AL AL AL AL AL AL
EEaEE=EES BRI INE
NS L A sl g oo il
AL B R
HEDIBIFIZED
(RN ) 1
36 ZoOfl, S SMAL FEEGRED) 7 17 T AIZ DN TOTE BA A That#i<ZE0n, N bRICERRIRL [FEARL WEERGLVASD [DTHEHTED 1L~ﬂﬁ@+ﬁﬁﬂ§'ﬂ1m e (VADREZ A | Jepilie Tl [DIBRRAY [FC AL FNA AT LINME | B RRENRE [REARL L f£ﬁ§7ﬂ7 N N
FHAN, BUE HHEALTWS |QOLA LY [MREAFITRVHA |BHER) 25 HE ([l cxd7 |#IzieEL T (a—F 4% — BT T A~ T BN
LZofEbi Ty AN DD [ITBWTE, VAD  [[CBATT DRI, [z mBeun|Zz 27k ZLITBHa—(E DI RIS | BB Dl L
I VASH FOEWQOLE [ A B A D) E\Li?uﬁ?A}‘;,‘& UNEVREEETE |50 A7 my [WEEunES, FUF—EEE [LTHENT, [ZFHUCH 3%
R, FL— HIELT, AE [V, b LETHD, (T RELEFLE 7A[ilﬁ§é(£& ”‘ilﬁ:’&b’({i) +) )(é<<jg7§ s E b T
= 7 UIAR BTy 7a |(HEEME  [FRIIRRRVWE, [ s e MEHY % \ A
AT e AT AT o ERD, T S it e LPEDPVZ |WAZE W
SMTo TS ZiEDIZ, EVAHEART . CM']LM’ N PRSI i, 2 Jor
)'”"lﬂi’«)‘) - L“ML?T%HT’% ; (§<0MIIXT TIF2WV D Do 2 HAHEIC
U, AEOWR %) IR ER S, | T, TOYOBO (F=F 4R — o THTES
1 y S5, % HEHDBA T~ L DdVAD FLIFCRCK  [ANDLFTH
P VADIH WHIRBL T MR, VL xyh [ZARAN, 773
bw#*@i%b&vm %) i T HE it ST [ — N F
%ﬁ"%#F,LW ~SOURRET &XT) LTRfoTW%
J/M‘\»L?‘JT AAEL T Zib 2O
EHENDLY EI, fEE~ E:S
m«%?:ﬁ# KRR R e
i N RN ENE ] T SJi
S, | L Wﬂmﬁ\(&%ﬁf\
FLLAW, EL K E3, ANHE
O ABEEVADIE Wi 2
b HORITED fefir e
CRES DT BEZ THTHIE WEsh o
TR LOHEER AL, SoT HET
LLERD, VADiBE 375<, W0
TayT NILET T AR 2
bHH, BIIEHAT L7z 5 3B
T PRBR L TR FEHY TN
FITEBVADL AT TLEID,
LTIERBET 0T
DTHRD TREL Y,

67



A2.4 BRERERERTOT 5L

A2.4.1 EERBETOTILBE RBLKRYT)

1. BW
ATOTS ALK, BMATDEZEEL-E2ES).,. EREEEEZFOT IR TREICEEBLER
TEDHEEBEMET S,

2. Rk

ATOT S LIE, HEIALDEBOWEAAFMHE 1 HAZEALIEFRLUET, BERUZONE
ENKRTOTSLADSMIABT S LEHRATE., EMIATOT 5 LOBERICDEFHAIL
F=FZICOVWTCERT 5,

BE. BENMNMEEOMARVE#HDLTIZNG - 48 - BEERET S LE. BEOREULER
RO AREEZZEB L THRLAENIE LT 5,

3. &

3.1 AERE
HAERBL(E, BENRRL T, BELEEZECEOICERT SEMTEL LTENERY S5
(FE) ZHRLTECEZARITERBATEELLZEL,
3.2454R
SR, BEMNERREY., AR~y FERERLZFFE EENSAREENERDHEELY), &
HLT3IBLUA (2:83 BURA) OHARE. RRBHNDERTIZERT 505,

3.3 4h

N &L BESIRRRED. WREBEHNDISFHICHET L EELND,
3.4 NEEE

NEEELFE RAELT, BEORERICRABLTEREZL - TNEIT S ENTELEEDRIE
E9 %

4. RTOT S LBERKN
APATDEOIEGAAER 1 H AU LRBLZRRT, ERIL, UTOERGERLEEHELE
BRI, ATOTSLOEREMBT S EETH,  {BLERISHBIATDEDIEAAE 3
AULEEBLI-FRET S,

4.1 BEDEHIRE

BEOEHREICAHAL T, TROBBREDIANTITHHEL TS &,
ME1ADAULZEE L TREEICL HPMPEREMKL TS T &,

NYHA $8ED S AN I RIFTIZHESN TS Z &, 1BL NYHABERED S A5 T TRIEY %
ZaF. BREBRICEEL TGN &,

MEFRERER CHRIIMREEARE L TS &,

69



MRUNE)T—2 3 VAT GEBIATDEMNTE ADL IEXF v— MMIEDHS “RTvT7 (Frht
J1)=)" FTRTLTWAIE) L. BEEAFEDENTRETHDSC &,

ARTOT S LERIKEEE-T L 5LEBNDOHLBEREENRDONGEN &,
ABRLEZET HRBEREABD OGN &,

4.

2AR7T0T 5 LSMRAEEDIRG

EffilE. AT0T 5 L- BEARKGAZEZANT, BB L TORBERUNEE L GEHREEIC,
ATOU S LOEFHRBICOVWTHRIZHAL, BELZORKEOBEHERICLSETOTS
LENMRAEERUNEE LG EIRNEEOEHERICL DA TOT S LS MEREDEA ZIGT
Do

5. A7AY95LOPIEIZDNT

(M
2)
@)
(4)
(®)

UTICRETRBEF. AT0TSLDETEPIET H LT D, FIELHEICE, BEE
St ERANEELTHIET S5, L LTBRELTWSEEICEBARTSZLET S, GH. KT
075 LDOPILFABROPIEZESLITERT 5 LD TIFELY,
BELLIENEENORTOIT S LEMDHIEEZRLAN ORI EE,
BEOBENABLL. KTOT S LOBELFAIEEE Lo & &,
ARTOTSLOEITHEI TEDRAANBD NG Lo LE,
BELRABLTNET DNEEN VG L 22EE,
Z0fts, ERANARTOT S LERIET DBENH D EBDHI-EE,

70



6. AT0TFLOERFIE

(RKT0J5L]

- FBNATDRBEE H— F &R, XAt

XKEZED ADL HiKIZIE C THEAIRA A

- AERBEEOMHR
- UPS O #fiE

Tz 1 7~ BUL LA R
&
BN A TV ig e ADL 5K F v — b
®’Y
\ J
-
4N N
EEEREIOS S LERSHES
[EFDEHREDES
&
(AT05 5 LSNEEZNEE]
\ J
'd + N\
FToTo X705 5 LERARE
i FERRL—=24
i 4 N\
; sk bL—=2Y AR
i ERREE £ 5 oM
| ¥
i Fhs b L—=24 B
i L ERREEEEhELMY )
- \
! ko FL—=2Y CERRE
| EEEEEE S —FIRE
; §
i sk R L—=24 DR
i | ERREEEEDLL2ESHOMBYLE
i 'd v N\
i B
§ [ HERE ]

- WEHEM ORENR, HEE
- BEBE. KR, MEFO%ER
- HEREAN DR NER

71



7. wERNL—=2

1.1

1.2

1.3

1.4

1.5

WO  L—=1 7 L3

ERMEEL. BERREGAZEICEOVT, AT MEL R TLOEMR, EREE. BED
AR, FSONYa—T4 07, BRBONYI Ty Ty bO—50FERAEE. #BEDOIEK
[CET % FL—Z UV EEERUNEBIZEET 5,

Tl "HERSRKAMNICART 5X—/N\—TRX ~ (@PAILDBEEEERRTARN &
WRORRICEY 5EEER (BEREE. ARORAR, RARO2D FO—3XH#) [T&o T,

HEREICDELGHBIURN TR THANTHEZT 5. R—/\—FA IO RUELDFEREL -
TEKET B,

BEE@IT7 FL—=24 LiTl
EEREEEE. BEANRGRAERVLZERBEOTED 2NEFIEIZHEL, EEH 77D ML
— =T BEENEEICERT D,
ZCTld. EEMENBIZHAET 2R—/IA—TR FERBHRICK > T, EERBICVLELEE
EBEHOT THagETHAIMNFHEZEITS .

Ty J—in LT
EEREEE. BEARERBESIZREL. Oy T7—80 FL—= U EBERUNEE(CEET
%,
CCTlE DY T—BDEREFRRICE > T, BEEARUNEENEEREICVLELG D v I —BHH
BETHINEHEZETS

RRRORLAE
IR (BRAKE. B8, REALHS) . BENLITHEEERSBELBERUNERRHTIT
LEDEETL. B2BORGHELTRET 5.

o

)

4

ZTOMBELGZVLNEENMTS>EEBEORANL—=2T

EREREEEL. BRELTEEERELLGOTHLEBEEBELVLNEENERARKRATLI L LLD
MEMATODEEERRIZRNGCRATES L1256, HERFTRHUNAET HMEET
LBEBEBMADKESZRAVNTNS ZILY A Y (KR - [T - IkA) ORIEAE. RKEEBIORK
BEEOAE. 2> bA—50 LD RREPICKRINDR TEEH - HEBENDFEAIRY Ak,
a2 hA=SDIT =L =BT —IL—ILERBEEBET DHEGEIZTDNTHRBAZITL.
ERIC MEBATLEEERR] CRASEETIERANTEENTEEZTS.

BHE. N2 A OORIEIZERT 2MEFIEERTEUANAEL. BMETEST S LE
ERGR

8. fkEs bL—=24

LRI R/ERA S L—=2TIZEDD FL—=20 T DT RTHET LIz L ERMLFHIE LI-HEIC
(X, LT DRk L—=V T EEET .
RS FL—=2 T UTDEEY 4 BRBETIERT S . RDERFE~DFREATHIEL. ERIATTI

72



8.1 ABRBE-—EREFEZMFIIH
ERUEEESRITLT, MEBLLLICBFZNHSE, RIE0 UL, BRICBET S, CO
BREEDHMEIESEUEITI CEEL, UTICEDLIEEZD VT THENHERTERRT A
BREEIF A EHIES Do

(A ExPE SR EHE]

a) BE - NEERCHEDPICNAYTIORENTEDLZ L,

b) AHIBHEENR, 2V — BEFICHELGRNDS &,

¢ SHLEZIHARITBEDRT. BUNFEARELLGIN &,
d BERUNEENBREICBRITIIERNHLHERBDONLT &,

8.2 BERE-ERKSEEEZHHEVIIM
ERERFEZRITSETIC. BEENEEL T, EEEELN S AHEME WERZRO
T1HREEOHENT, BHICEET 5, COBRBOMHIZ2EUETSIZEEL. UTIZE
HEEEEV T T HENERTEHRATBRBEIEREHET 5.
COBRETEERREEDORITALN O, BENRET HLLEORIFENRE LIBEIC,
EbIIxL, FE, EREEBICRSACENTESL S, EREEALDERAEICOVTTED
ROTELZEET D,

(B EXFE SR E %]
a) BEEFFEENMEFOBRFICEEZLTIY FO—J0OKE, KAORKELZSAQEFIC, M
BRIENTESZ &,

b) BERUNEFEEN CREICBRITIIEERNHLERBOONDZ L,

8.3 CERE-—ERNKFEEMHI—HFE

EEREEZRITIE T, BELNEENLLIC. BEOAEEEZTET HERIC—BNIZR
ERVWLFET 5, HHET SEMEET 1RFELUEE L, RAIE LTRBPICERKEICE->TL %
CEET B, COBRBEIRETRLUETSICZEEL, UTICEDIEEEZD VT T 5 EMNHER
TERRATCEREIEEEHET 5.

BE. BT HERKEFEE. CO—HREICRL. EEREADEEOBECRENEERE
[ZHEIS L LN E S D DFER & BB RUNEENEEREPICERRTIT S EFTHOT 7 HEY]
[CTEONEHRT D, Tz, AT IERMFEL. REFRTRHUARICAET SBREEK
EU UPS (BEEREE) MMERAFRETHSC EEHRL., T, TORRAEIIOVTEER
UNEEICTDIERBAZITIEET S,

Ff=. EITLEERRSEEN TR C RESKREEIT+OES LA LE-EZEMICREL. BE
EXIT-ERAROIISRICRY5IEHEE. DEREZERT S ENHED, COSESIXERKE
EENBEFEHD b ERME O EREAN 2REURNTHS S LEHETH &,

(C EXFE SR EE]
a) HHEDBE. HMHLVAD ZFEEOXEICHE-TLVEWNI &,
b) FETIU¥I—BHEEL TES,

73



o BETKEEBHO7TMNTE S,

d) PERHIIXENGZN &EZHERT 5.

e) BEFECERABEHUEFRIFOBNEROAENEILSNATIDS,

f) UPSHEATES.

g BERUNEELNDBREICBITIIERNHDL &,

h) EREERENSEEREME TORKZEREZAVELL LT2HREMRATEETES L.

8.4 DERE-ERKEEEZHHEL 283 BOHERNA

BEENFBEEDOAHT2;A3 BOHARRNBZETS, Costp#ifEd. BEFLGOLAEETEEBRE
LiKmat - MEFZHETL. BEFBHRICREAT S (COBEEFREISEERSN-RABIFEREHDHK
WET B0, ek o EREEICR > TELRIC, EREEEIOR LEMICESR, HBNZED
B53), BH., CITOMNBLF, REELT, AEEBEZTFETAERETHM. ChiIzkbC
ENTERVEFENHDERICIE, EERBOEEFREMICET HHIROEBERNTOE AL AL
T5, COBRBIEZTEUETICEEL, UTICEDIREEZY )T TEHIENHERTERHR
TDEBEEEHREHET B,

(D xRS E %)

a) BEHEMNELLfFTEND,

b) BREEMNTE D,

c) BELENEZOH T Y I—8HEELL TED,
d)&ﬁﬁﬁﬂ®77ﬂtééo

e) MENRAL—XIZTE S,

f) BEENEENVERTIERLH D,

9. EEEBEND%ERE
TEEBRBZHBTAI2HI-Y. LTOFREIZDODWTEKERTIT S EET D,

9.1 fwbEst bL—=2 T ABRBEDRIIRE TICERET T I NEHEE

(1) FHBIATDIEEEH— D% - T
EREEL. ATEOHBMATOMEEEN— FICBREFREZELAL T, BEICERERSE LM
AT DEEEN— FEERL. BEHEICRMAT D,

9.2 fwhES bL—=2T CERBEDBIRE TICERBET T I NEFIE

(1) AERBEFEOHR
BEIUTOERGESY 2EFEHERT 2. UTORGEH-ELGVEENHHEEICIE.
PDELGHETERZRET 5. HLLLE HITERZHERTSICEET S,
FEROERRUVHEE. BEHETVLEOREMTOIBDE L. EREEIL. ( REO—FIRE
DRIHEERBEEROEZHITES LTVENEIAZHERL., B-ETLRVEELAHHEE
[CIIREITANEETEEHRE L TEERVEOREICRAZITIEET S,
(EERBEEEOEH]

74



a) EEFEMA, MERZR AAREMBEZRAOTELLE LT 2HEUR (FRZAOFLE
Fza) [CERMBICRETELHEENIZHL &,

b) RAEMMMEEAEMMAETERICZEVEITLHI L,

c) BEEZRAVEZICENNCEFZRETEIEEOEE B - XKLL THDH I L,
d BEOIEZFIZ2DOULEDIPaVEL MAHY. FEATREDKREICHEIZ L,

e) BE. ML, BEZFOBELV LEENBEOEEEEDDOEFICKEZ E-IHRE
THdZ L,

(2) B|EFEEE (UPS) D#fH
BEERE (UPS) 2EHET 5, UPS (&, HERFTRHIEA LERKEZEL TEBEICES S
éo

(3) BRFDOBNHER
BARKEGEBNEENRIELIEE R ENRBRICENEZRRT 5120, BHFEHEL L
CIFERREBERFOFREHITOH &,

9.3 BETATE TIZITS #fR

(1) BEEMOESH
@ HBAILLEBERR. TER
HEERBRBEIC, BHIEBEINTVLIEBGERUHERLUINI. FHE ANy TVEF, A
EDYREZIRT D, BB, TNoDHLOHFE - 8E - HILLEETHEATELG G-z
HEITIE, BEGUVULNESE., W, ERMEICAELET, BEICTRBGVLXHKE
KDBDIEMTED, F-HERTRM &Y MEETE UPS(BEEREE) NES5IN D,
Q@ REEEDT7RARO%ERE
Fa—TT7E2vFA b (BERTEAHIEREREICZH) £, EEBEZELTERER
WLNMEEERICREICTXHRT 5, £ ThLDFLy oI, BEE. FREDT
TRRIZOWTIE, BELNEEEENSEAT S,
@ BAEBITOESE
EEEEHMPONA ZILYA 2 (KR - T - BRiA) . RIEEEEDIKE, #BIA D
DY RT LOEERKEE (R TEERE - HBEEN - V—ILO—ILiKR). BRE/N\Y TR
ZIEMATOEEERRIC. BELGOLNEBNEHRATESLIICT S0, BEH
it - MEETZE. EEEEZELC TREBIIRMT 5, KEHFIEEEBLTIELS,
BERR. IEFIE. RERTEUNEFBLL-LOZFERT 5,

(2) HBE~DBNER
EREEIIBREORE M EEET HHEMEIC. MMATLDRZEELTVWSERELNEEY
B &, VIS, BRRFOERMENDIEROIERLEEIIDVTERT 5,

10. BEEFA
LD T~ICEDETRTD FL—Z VT EEERBDOERNTT LI-FAT,. BEERUNES
2EIIR—N—TAIEEBEL. EERUNEZLLICO SULEOBRALHD L HERTES:

75



BEICIE, EEE, MICEDIEERETITOISLF VI VA MBEIZEEREN-HEERS
TO5 S LDERBIZET I RTOELHEEHEREL., BERUNEEICKLSZEEERBSDEMAIAEME
FRAMIZHIE LT, BRFHATT 5,

11. EEREPOEERUNEEDIZFE
1.1 EEREDICEERUMEENMTOICL

(1) HBATDES R TLOEE
BERUNEERL, BERIKEGAZCHL. BEORBRRUVEREEZITS, F=. AT
[+ S TILARE LIBEICE BERRIESRAEIT ST STy a—T 4 2T %75,

(2) KEEBHDT7 LEE
BERUNEEL. BERANKGAERVERKETNL—Z 0 ShE T BITHL, KE
BB 7 L EBEBRTY,

(3) BEHREDEA
BELGOLNMEREFEZRRLIC. BRAONAAZIILY A 0, REERBORE, RUOHBALD
B AT LDEEREEZELAT Do
EEARE, ERFOKE - ME - ik, REEBHNOKE. BRFOR Y TEERK - Ko7
HEBEEBN - V—ILo—RE, BREANY T IR - BELTHEROOER LT S, 46,
RERFICAERZ VD LIREBBRRZ1THhEN o HEICE. RBRISAELZOLLREREETS C
EELTNERIZT S ELET D,

(4) Ef&YF SN =ROIRA
BEI. EMOETRESY. EERAT 5.
EENLTT LU DE (MREZEE) ZRRY 2553, EERIZTOMEHROLRAT 5.

(5) HEGEREEMOEZR
BEGVLNEEL. EREEOETR LEERAEICHND., FREAH—E, FLyL2I#
BREDERREENEEET 5.

(6) MHBIATDEERA. fRARVKEEEHA7 7 ARFEDNEE
BERUMNEEL, BERRKGAEICRVEYILAEAT, #PATLOBOBRS. fRAR
UREEEE7 7R, REEEXEOEE. MEHOEEZTS.

(7) HEIATDEES— FD#ER
BEF, BREERISO=6H, EREEN ORXMFSN-MATOEL— FEERETT 5.

11.2 BEDITENER
FRIE LT, MEEERC ARTEMBEZAVTELE LT 2HKEUA (B OFLRHEZS
L) [CEREBEICBEBATELHENET S,
Ft=. BERREGAZCEH SN TVS, MMATDEOBEICEZEEEZ SFREDH D
BRRIGE DA NK S ITERET B,

76



11.3 BEDTE - EFHIR
BERARKGRAZICEEHR SN TS ECAITRSI CEET D, =, BT, BEEDREZERE
LT, BETY - EFFRERTEIENTES LT D,

11.4 54 ad@ke
BEE. ERMOETRICHEN., A2~ 4RDONKERET S5 E LT D, SHRBIRRICIE. BEE
RERITRSIT S
Ffz. 74TV TELTEEREOBHLGELTOBELEEDEETHER - RELTLS
WAL DEERG - TRAD—EHORRETIHENHLHDT., EMIE. BERUNEEICR
[ERBERDRIGICDWTEHRBAZEITSI & ET B,

11.5 BHICEFHRENE LI5S DRI
BEICEFHEENE LI5S, BRERTHHASNESHZMHT (ERiMEE, RREMERGE).
BET, EMISERLIETREMC, FELEIIN CHEEOHBIZERFT 5.

11. 6 B2 R OXIG

(1) BRKER
BARKENRE L . EAENMELT 2EENLHEIFEICE L EFX BERUNEED,
BHHERIZZE D, EREEISERZIRY ZORERIESI CELET D,

(2) {=EH
BERUNERZ., BEHEEOBENSHITERETSFL T, EIHIC 6 HEULEMIDET
BEINDHEHEE. EEEEIEREZ S Y ZOERICHES.
BENOHERNULIZE >THRETHHHEICIT. BBEOBRY 7Y b (W—TF7H T2 %H
WO PEREBHFI.2Q) THRLEENZEALEAMGZEHET D,

12. EEOEEEEPICEITSEEEEDOXIG

12.1 24 BB 2FF X
EEEEL, BELOLNEEL SORIER. MEHEI(C 24 BERERIG AR A 2 HEE L Tt
&9 %,

12.2 sk
EEMEEE. BFEDR 2~ 40N KBRFIC, BEOEHIKEICOVTORE - BHOIEH.
BENEEBEFRALTVDIHIALLDEOA VTHURETS,

Tl



A2.4.2 HEERBEITOTSLEBE WEBKRUT)

Community Living Manual

Introduction

Importance of Discharge Planning.................. 1
The Purpose of this Manual..............cccccc....... 1
How to Use this Manual............cccccoee e 1
Overview

The Hospital's Role..........cccccoeeevieiieciiciene 3

The Role of the Patient and Patient’s

L0211 =To | R 3
Company’s ROIe........cccceverereriieceee e 4
Pre-Discharge

When Can Patients be
Discharged?........ccocooiireieeeeeee e 5
Evaluating Patient Readiness............ccc........ 5
Evaluating Environmental Readiness............. 6
Preparing the Patient's Home.............cccc..... 7
TrainiNG....c.coeeeeeeeereee e 7
Preparing the Community..........c.cccccevivveenenne. 7
Post-Discharge

Supporting Patients Post Discharge............... 9
Routine Monitoring...........cccevveerreneneceeenene 9
Delivering Supplies and Technical Support.....9
Equipment Replacement...........ccccocovvvreenee 10
Preventative Maintenance.............cccccooeeeenee. 10
Equipment Retrieval..........ccccccevvrcenniennnnne 10

Appendices

* Frequently Asked Questions...................... A1l

78

* LVAD Patient & Caregiver Training
CheckKlist.. ......ooveieiiiie A3
* LVAD Patient & Caregiver Test for LVAD
ProfiCienCy......ccoeee e A5
» Verification of LVAD Patient & Caregiver
TraiNiNg....cceeeeeeeeeeeee e A7
* Discharge Checklist for LVAD Patients &
CarEgiVErS.....cocveie et A8
* Discharge Instructions Sheet for LVAD

Patients & their Caregivers..........ccccceeeveennee. A9
* List of Emergency Contacts..................... A12
» Sample Wallet Card..........coccooeeerrnn. A13
* Home Inspection Checklist....................... A14

* Training for Hospitals & First Responders.A16
* LVAD Patient Assessment Protocaol.......... A22
» Hand Pumping Instructions............c.......... A23
* Post Test for Hospital Staff/First

Responders. ......cccocieviiiiniccnininennen.e... A24
« Discharge Checklist for Hospital Discharge
Planners........cooo i A26
* Notification Letter Templates.................... A29



EAABBEAAT DO - 548 - BRTO TS5 L (BEBRY THieE)

1. COEMIZDONT

2. hL—=2%51BEB

3. FL—Z=VUVHERTA L (G0#)
4. HFETR MRE

5. PL—ZUJHRTRA N (ER)
6. ERTR MEREE

7. fL—Z=UUETRER

8. s -sA-BREEFzVIIUXE
9. S - A - BITEEHERRLE

79



1. ZOEHIZTDONT

COEHE. EAAHBGHATOROEZHERKREBRICENT, BEDRREADBITEEDD=HD
HEEMRUELHERAKTT,

® FNL—=245I1ER
BERUNEAD FL—=2T1F, A—F—N\2 F Iy, RAREBEMNEY a2 7ILEZFALT
COEBRIZDWTEBLTTEUY,

® FL—ZUTHERTAN (FFE)
BERUNEBEADL—ZUJEBTHER, COBEMEIE—LTTRAMERBLTTELY,

& TR MREE
MHTA FOBEETT,

® FL—ZUIJRERTAM (EH)
BERUNEADL—=VTEBTE, COBHZIE—L, REBEDREFXT-THLL, B
FICERTEARIEEZHERLTTELY,
® EFHTX I NEREE
EHTRAMEOELHEREIETT, ERTRAMENDSEICLTT L,
® FL—= FETRER
TANMIEHLEEZIE, COBHFOE—L, FL—=2T %8BT LI LD LG SEHESE
ERLTTELY,
& S - BRBEFI VIR B
S, 5A. BERRICIIZOERZTIC, BHROBEDEDR. EERUNEAANDRNTODIES
EHOHA., AEDRERVUHEBOEZREEBL TT LY,
& S - s4A - BiRE SRR
S, 4VAE. BIREIIZ. COEBEHZFaE—L., sMH. 48, BRI HEFRUITEEEECAL.
BERUNEADEEZHEZRL-E. BALTTILY,

F R LERERERERTEHEICERT ILEIHY FEA. RRTRELTEVLTTELY,

80



2. fL—=V41EE

BN TID B DA

® o Q0 oo

HEIATDEE (kK> )

BERFSATI342 (RYFR—=FRUVEBRKRIRIAFIZOLTE)
SRATFLavkO—3

NyTYERYyTY)=o )y
INTJ—R—23a2=vy bk (PBU) &PBUZ—T )L

REFBR/NvY (EPP) &NV KRV T

BRIEFMIIDONT

i. FEOVATLOEO—F

i. FlED/NYTY

i. NYFRYT

BN A Tl D EN R IR

a
b
c.
d.
e
f

DEMHBOBE

8 B N 00 i 0D I % 48 H TR 3
HBME—F
BRFSA4TZ4 v DEE
/Ny T ) BRE R U PBU BE®)
75—L4

AT DRBDRIESE

a.
b.
C.

Ny T 1) EREN D HE#

PBU BREf 0 $E#5%

BREOUYEZ

i. PBUM™NS/\y T 1)

i. Ny T )i PBU

i INY T DR

NYTYDRE

HEBHE—FOYYEZ

HEEHE

. YRFLIYEFO-5SOEILTTAE
i. NURITAIILEZDOXH

i. BEFSAITSAVOEBEEEBOEELET—EOXMR
iv. T¥J—

v. TR

Ny T — LD

75— LA E

SRFLAY FA—5 DR

81



I

IRBRELE

RAFBELIZ

BREFEADORUNAE
BRHPHVEIRV FOMEDEEAE
N RRUTERODAA 2T

NV RERUTOERAE

EPP O fER A%

BETORRER
REFORRE~NDBEI AL

5. (AERZEE

Ny T ) ERENRF D IRE

PBU BEENBF DIRE

PBU BRENM 57Ny T I EREI~NDYI Y B X
Ny T ) ERENAM S PBU BREI~ADEYIY B
NYTUDKBERE
HEHE—FOYYEZ
VATFLAYMA—5DEILTTR FDOEM
R bT4LE2DXKH
BEFSATSAVOREEBHOEERLE T—EDOXH
Uy IJ—Fy FOFER

R

Ny T —E )LD

T 5 — LADX0

DRATLOAD FO—ZOXRH (EHEOH)
N RROTOER (EHROHA)

EPP o> {# FH

6. BERUMNEAR. BREFICENICES WS HETERT A0 TENMEITNIERY FEA, 4
HAETIZ, RRREATREFEDIREREL THE ZENMERSINET,

b
b2

¢

SR Hhoe Q0 oo

T OS5 3 —F PRS0 Q0T

A=szm

. KkIFTEFEA
ABEFTEFERA (YT —Fy bEFERALTIOYT—ZBRUVBHLERETEEY)
RUFSAUORAEZRITLTIAELGYEEA

Ny TIYVRUVERT—ITLVZEZRKIZHLTEVTEEA
BICRABBIHATERETREFLEIGTNELTYEEA
ARV FFFELTRYEOLGTAERY FEA
TLEROIVEL—2DEZFITMNTIEIVITEEA

82



3. FL—=VJMERTRA N (RNEE)

FRBIA T DRDBRIESE -

1. ROBRBIZOMNX THEZTTFELY,
EEHEFE— FTIE. R THEBBIIEDLS ALY,
EPP (X1 BIFZIF LAMEDS S EMTELLY,
AT DEAMELL LIz E ERDERT v —D %175,
HEIATDMERE L. Rl ESEBMYEE) SHEZTTELL,
HBIATDERE L. KikELTHKL,
EERE. PBUDWE/ Y T 45 DNy O 7y TEHEHIET 5,
Ny TYEBTHEEE MAD/NY T ) ZREBFICH S HEFNEE SR,

2. ROXDEFEEDHTTEUL,
14 Q@) DNy TIUTEKZE FFEEFRIBET Y,
NyTYDOREIZIF, KT AN Y £,
EPP 1%, &% FEFE CTENZHETEET,
R bT 4RI, [C1E., HAHWNMIBEICHECTRIBLET,
VATLAVMA—ZDEILT TR E, [C1E, EELFET,

3. MBEMHBMATLEZELTERL. 7RE) VEOREEEEREL TO2MEE. WEIATOER
BIZMiEATR SN EBIREEBE LTI A, ThELENTI M,
ESTANNEI 1%

4 FHAIAILDBOEEEERAEZEFTTEL,

5. MADNYTIHEWIERT—ITIVZERBFITHT EESTYFETH,

6. R hi— RZAOBIEAA D EBERBLEOTT

83



REFEBAOHVAERVAEDIRER :

1.

10.

11.

12.

13.

14.

15.

16.

BIATDBERENEICEST 2VENH DL DILATTH,

BEDLUFI—Y LEHHBEDT I—LIREL, T4 RATLAEDa—ILICIE, R TiaEZR 140
bpml. 75—L A vt— [System Controller Malfunction] MBREINTULNSE EZIL, EDLS
(I3 LA RIS Y EEAD,

Ny T EREIEFIC, RED/NY T —I—) LEHEOT S—LMNREL. Ky THBHAEFERD
D50 bpm IZFATLIzE T, EDKSITHL LA FNIERY FEAD,

NV FRVTEFERT D EERE. EQKXSGFIESDETT A,

N FRUTEERLGHNELR SN EERL, EDLSTKRTTH,

N REY FERSE, 1 HREISEE. A\ RRYTONY RILEBBRLET A,

EDES B EEHREETVET,

REFRDLEVRAEICTFEENH o EERFFETENISERLET D,

FRIATDROFGZEL LGV -O0AEREEFIRICIIANH Y FIH.

RBIATMELBIES S AREMEE R I ATk E L TIHEIAH Y FI D

200 T A =| OfEFE - ONEA
eI £

84



4. FETR MEE

LA BIEIZ,

O : EEHHHE— FTIE, EMORE LI-IBBRTEIC—EDHEZLET, 15120, BEE
— FTl&. £BREICEDE T, HEBFNBBMICRT SAET, HEBBE—FOUYEZIL. >
RTFLAY FA—=FDRA Y FTITVET,

x :EPP (&, &5t SHMETLoETHLFEARFETY, 3 FELEFERALEEEE, FTLLVEPP(C
RMLTTEL, EPP ZEALI-E . FAREZRELTELTTEL,

X FHBATOEERE IS L TODEY v — 2k, D& BBAT O E OMmEEs 5 HmT 5
RN HDT-OBFTTT S, ZTOLIHRRBETIE. NV FRUVTEERALET,

X FEBNA T R KBS IRE RN 5 2 L EHIET DR H D =D MRI ZZIHEVTT LY,
x : FHEIATDEEREE. KikOABELLZWLWTTEL, EMOHFILHNIEL. ¥T—Fv &
FERALTOYI—%BUBENTEET,

O :PBUIZIE. WE/ Sy TUDBALTEY ., ACERMEATELGS TH, &K 45 REIOEAHEIEN
TEET, L. FOFFITET. THOMIPBUNSNYTUABREVNYEZTT S,

X Ny T OZBOEROYIY B 21X, BHADOEIMELET 20 =6, BT HAET DT
7.

EABIEIZ,

6.5: /Ny TVIE, BEDIKEET 6 FHEFFEATEET, ==L, FHDOEEIET & {FHFARFRHILR
LLES,

8: N\NyTYIIRKRTHEREDPBUIZKSFTENDEIZHEYET .,

24 . EPP (L. BEDIKRET 4 BFEIERATEE T, L. Ny TUERL LS, FHORENET
EHEAFREIEED LET ..

B ARURTAIWEE RURSAVDDFEY ZHSCO, BIZTE, HAHWVEREICHLCTREEL
F7 .0

1B: PATFLAVMA—FHAERITHELTWD I LEHRET 50, BHEILITAMEERL
F7.

85



BLGYFEY, =FZL, HBIATDEAFELEL-EEE, MENERENLBIRENS S HEH-0HT
HAOMZEEFET HLIICLTTEN, EEEIZDOWTIE, BAZEAHYFITOT, BENITEL
F LI oELERMICTHHT S,

TERESBLTTIL,
O fEBATDE o AN2hkIJq)L4E
o YRTLarbhAO—35 o NyTU—+tlL
o PBU o +kSRNLT—XR
o NyTlY o NyTY—FRILRA
o NyTU=9)y7T o w7y by
O N\YERYT o FT4rXR)LE
o EPP o Y¥J—Fvb
O

FTAARATLALAED 21—l

TI—LR—UNRAETISERET DT 5—LAKRY . HMATLMENELLFT. Ny T ORI
BEROYYVEZIE. BFTAATITVES.

Ry bR— b ERBATDREIE. BEFS A T34 D TEERN > TOET KOBFENRY bR—
rBARE. HMATLDEOE—FISEL, BRMATLRARES 2BRABHY FT.

Ny PRV FHEDAY T, FHOCATLAY FA—FTY, ZOM. IDA—F, 2—H—/
YEITvY. BRARSFHIEY = 2T IVHBEATY, ML ESINLT—RICANTHLESI L

MWTEET,

RZaTFLEN ST, PRATLAV FA—SERBLES ., TO%R. AUEMISERLET,

BRZ PBUHDVWEREFHADNYTIVIZOYBZIET, ELLLEATERWMEEIXEPP ZEAL
F9. CNCOBRMEATELGWNEEE. N\ FRUTEFERLET, HLUEMCERER. A=
EHFORERICAMN D TR ELY,

86



10.

11.

12.

13.

14.

15.

16.

ROFIEIZHELNET,
1. YRFLabO—5h0BRENLET., YATLID FO-—SHEREZRLLET,
TI3—LBZLOHLE=OICE. Ny TU—EILERYNLET,

2. YaARTEDARY R R— DR R T ILEFBYSN L. Y FRY TEARY bR— MRS
LEY,

3. NURRVTOBWRE VEBRETHLEGAL, £ 53—ADFTREVR—IEBREDALE
ER

4 BUWRZUZEEL. OTEREWNVR—ILESD IEZELET, 10 MEF-THLELVEEZ Y
EHYT LK T, BOWVR—IILEREELFEFET,

5 NURILZEEMNL. BLVR—IEBRETLRICOSNTEESL 1 7/IC 60-90 EITLNVET, 1BID
EICRBVR—IEBAATEICE LT L IITLET,

FRIATDEAMELE L TOWSELFERICMAZRAETEGRWVEETY, YATLIAY FA—-5M5
F. 753—LARELETS,
60-90 EITY,

ROEEIZF, EHEEMITER L, MBEZFATTSLY,

o NV FRUTERS,

o TI—LIFBOTULELA, RKiFAZELEY., BFEEL Y., HRALEFH-Y, EE - O
EDFERILEY. ZEOHMAHDHIHE

ELEMISERE L YET, HAEMADERENENTHS ID h—FEEIEFLTEWTTS
LY,

ROTHEDLEFE, VE LVAD OFGERTIRAEAYES, AEfiFdI&lckY, AT
STRDFRVIGEMEIYRTHEDLERERCTEABHYFITDT, KEAKZREHT S
EFTEDINEYEZTIEEL,

ROTHLDEFOAY bR— bADZEDREMERDFEL. VE LVAD AEEET SR T H 5 FTHE
HhHYES,

87



5. FL—ZUJHERTAL (R

UTORAEE, MEAL L LICREICERL T EE, Y227 A0ESYBISTES S & £H-2
LET,

O  NyTEBRBRORIESE

O

PBU ERENRF DIRIE A&

PBU BRE M /N T U BEEI~NDYI Y B X
/Ny T 1) EREM 5 PBU BREI~ DY Y E 2
NYT)DORBEFRE
HEHE—FOYYEZ

DARATLOAY FA—ZDEILIT TR CDER
N2 b7 4L DR

BEFSM4T54 VOREERBBOEE L A—E DMK
¥ I—%y rOER (EREOH)
MEEESR

Ny T ) —RLDOXK

T 7 —LADXL
DATLAY AT (REDH)

NV FROTOER EEOH)

O o 0o oo o oo oo o o O

EPP DfERAE

B fF 200 =3 H =]
BHEKA
EAK4A

NEAKS 1B L EERTHERD

88



6. RRTR MEEEE

ERTA MHOELGHRERZLUTICRITEY, £OMICH. TEUGIRESHNITIEELTT S,

B1F

FLRHEREE

[/ N7 ) BRSO E 3R]
PBU BREM 57Ny T 1) ERENIZ
MVEZ 5, HMEEEELT
NYTY)—FRILA 2 HBL
[ZRSy ko EEAL.
BICETIREZHELERE
ERGE

Ny T )T B,

Ny TIREEHERT 5.

NYTUDRNYyT)—=5 1)y TORETL-o>MAYZELIA
EFNTULVEH,

NyTY—=9 1)y FTELRTFLOAD FA—5OORI A
RATDEBELTLDD,

OARD R ERAEHERICEREL TLDD,
INYTY—=RILRZHBWNERT Y by I EF- T,
NYTNESRATFLAY FO—FFZIMHITRZENT
ETLVDD,

BER, T—JILORBERS4TS54 VICAELRDM -
TULVELDY,

BEEIHHAELLT. FROVATLOY FOA—F, F
BRIy TY), N RRUT, IDA—F, 2—F—n>
RFIvy., BRAREERGYZa7ZILNEESATWS
e

NYTNERATDOREL TS,
NYTYIENyT)—=5 )y TORETLLo>MAYELIA
EFNTULVSH,

1BUER, BE RFSA4 TS5 VIZEERMN > TULVELD,

DRTLADMA—=5DT7I—L)EY FRAYFER
HMLLTNNYT)EREHERTTESD,

[(PBU ERENRFDIRIEA ]
PBU Z#{EFT & HIKEBICESF
3%, C&fig: PBU L. BRR
AYF&EY CE: T773—L4
MIELDTPBUEENDRA v
FTLHD), BREI—F%
avtr s L, PBU Y
—J L% PBUA 54 LT=iREE
IZLTHEL, YRATLEZA
FETARTLLAED
— LRI TN
LTHL,)

OooOoo

BREI—KZ3IECOERRaI VLY MIEETZSD,
BIRAAVTFEONIZTESD,
PBUAS—TJILE PBUDORY R IEETE 5D,

89




1B1E TSR
(PBU BRENRFDIRIEA ]
(DD%F)
BREREZPBUAYIYEZ 5, O YRFLarrO—5EPBUS—TILOaRI3%EFA
T OEHLTLDD,
O RO 2RELTEERELTLSL,
O PBU —JILESARTFLOAY FA—5DaRY ZITEHS
HCHERICETSINTLSD,
O BFh. BEFSA TS5A VICEEHNND D TULVELD,
Ny TVERET 5, O NyTUZELWAETRAL—XIZPBU ROy MZE
LA+, RETESH,
TARTUAED2—)LE | O TARTLAED2—IILEPBUICERETESH,
A9 5,
(BEEH]
HSME—FZUYEZ. 9|0 LATFLIY FO—SOHEEHRIERS v FZHLTHE
UL -HEIHE—F% HHME—FZUVBZLIENTEDD,
AT B, CE: EHOPNEL |O YRATFLAYFA—5OEFDL, TARATLLEDa—)L
BABEFOHTTEL, & DRTMNG, BEDHEBHE—FEEZSLENTED
f=. BFEIE. L DIREH .
E—FIZELTT&ELY,)
SRATLarikOo—50+ | 0O HEHRE—FUEBERAMvFEEEBLLT, BILT7TX
WITRET B, ZFRTESH
RURITANWEAERIET D, |0 BERARZIVEHLT, RUMTAIULEENTENTE
GE: ERPORV T 4L Bh,
AFERYSNL, BERYMSIT | O HLWOARY R T 4IILEEZHERCRYSFITEZENTEDS
5T ETHEVEEAL) .
O 8. BRRFSA TSA VIZEENHD D TULVELD,
REEREOAT—EEXH | O H—EOXBOBEDEENTESH,
ER O BEZEOIKENLZVWHIERTESH,
O P, BERSATS5A VICEENMD > TULVELD,
O Xk, BELFSAITS5A4 UHAXKBATERKRICEE SN

TL5h,

90




o

FHREE

(BEEE] (DDF)
PBU B U\ T 1) BRBRRIC O
YI—Fy hEERALTY
vO—%&iBU5, (X lR%
BEEFFEFTHEVEEA.)

MEOEREET 5.

Ny T —EILEXRT B,

GCE: RPNy T —E
ILERYS L., BERY T
5 ETHhEVERAS)

T J—xy FOMBIORT Y MMy T UMNIEL <R
FoTWBH, GE: /Ny TV EREIRFDHA)
VRTFLavbO—5, arv A, T—TILHARAEIDR
—FIZIRFE > TULVS D,

D)Xy FDRURSA VR Y ORI ZIZLoMY
BRI TS,

D) —F Y RDRULSAUVDERIZR ET A LEAH
Y fFFonTULNS D,

IOV T—TERFT Y THEHAOHNTINSD,

BER, BERFSA TS5 VIZEENMN > TULVELD,
RIEEBEIZKNIIDSEHENK S [CIRETETLNSD,

PBU EREfIZ L TL 5\,

NV RRUTEFHED IR T LY bO—S #EGRT
D IZEF L TLVS D,

FTA4 MRV IGEFFEST, YRATFLO =3, 7
—IJIWERELGLVKSIZEEL TS,
MEBOZRBIMAFIZE > TS D,

R LT AR ZEENTULELD,

NYTY—w)LERYNT ZEMTESH,
DRTLaADMA—=5DOT7I—L)EY FRA v TFER
LTT7S5—LZLEDBIENTEEH,
FLONY T —)LEEEICRYMFTEZENATEDS
he

BER BERKSA4 T4 VIZAIENMHDN > TULVELD,

91




181F

FHEREE

NS
REERE

BEEAOLUFI—IODNELT
Li=&RE L THIET %,

BEEONYT)—I—IN
RALEZERELTHIGT
%,

RBEDN— =0 D RLT
L=&RE L THET %,

BAT LTz &R LTRSS
Do

INyTERENZ LT, PBU @
BREYIY., BEL-PBUD
75_A€Jt&)éo

VRATFLAVMO—F5%K
#md b, CE: #EILTT
S0, ERIZIK, TERYT
EEFEALTTEL,)

OO0

Ooo0OoO

BEDEFRZEZF T v LTS,
RURTANEAEFT Y LTSN,
TARTULLEDA—ILTTI—LAyE—%FERL
TW5h\,

A yt—UICIG LIz TETLNS D,

Ny TYEZH, HBHWNEPBUALIYEZTLNSD,

BEDEHREF = vy LTLNSD,
RURTALEAEFT VI LTWSD,

N RRUTE#FERTESD, G EREICIIER LA
TTELY)

Ny TYEXH, HBHWNEPBUALIYEZTLNSD,
EPP ADEIYEZ. HDHWNINY FROTOFERNTES
Ao G : ERICIHERLAGNTTEL)

PBUD75—L)EYy FRLyFZEHLT PBU 75—
L#zEIEHDZENTESDD,

THANZ/ANY IR TEiR CIZHEF L TULVS D,
ERELIZH LTSN,
BRESATIAUNLIRTLaAY FO—5%F50T 2
EMTEDD,
BERSAITSAVIZHLWRTALAOaY FO—5FW
Y{IFBZENTESD,

ERHEELCHERTESD,

BUER, BERFSA4 TS5 VICEERMN > TULVELD,

92




o

FHREE

[(RRZERE] (0DF)
N RRUVTEERT %,
GE: BEEICLTTFEL, &
BICIX, TERY TEEER
LTTFELY)

EPP ZEMY %,

Oooo

oood

EBREEEIZHLTLSD,
RO RTAIILEENL, N\ KRR TEEETZ 5D,
LUTOEMBIEENE L TETLVSD,

-BRRAFERLEA L, BREZEDST,
- RS ERT .

- BRIRARZBEL . 10 D,

- BUBSHZRL. BRRBZELSFT.

1 57312 60-90 @, /"> FILERRAL TLVS D,
1[E 1 [E, HREBZFTEIZW o EE TS,
BIED. BE R4 T34 VICEENMD - TLVELD,

EPP 4—J )L % EPP [CHEETZ B\

DRTFLA RO—F5E PP 4—DJILDaARY B ERA
FTOEBL TS,

FRaOaxy 2ELTEFEHL TSN,

EPP #—JILES AT LAY FA—5DIARY R (TEH
HERINTLSD,
ERRIIEAFEEZRETZALTLNSD,

BED, B KS4 TS54 VICEERII > TLELD,

93




7. bL—Z=UTETRE

UTDBEFINEANE. FMBIATDEOBRMA. BIERE, #EAE BRRROXOGE. B

BIZDOWT hL—=U T &2, BRARICEERLIZOTL—=0T7 %8BT LELL,

fL—=2451TH: 200 F A =

Bff: 200 F A H E4

- BIEERURENRESE (BESRREDES)

Bft: 200 F A H E4
- A

Bff: 200 F A H Z4

HBff: 200 F A =] EZ4

Bff: 200 3 A H EZ4
- B EET

Bftf: 200 3 A H EZ4

94



8. 4t - 4hE - B F VIR b

FLERDFERR
o BERUNEADL—ZJETRE
o BERUNEADEEHEDACHE

RS TOEE
e BE[COLTOHEHA
o UNEYIZDWNTODEREA
o EE[ZDULVTODEREA
o EIEDEEIZDLNTDERHA
— BRIAVOKREERE (v T—0FFAFH)
— MEUIRIED

— it
FRE DR

o NV RRUTOENERER

o VRTLAYMA—SOEAEHBEEE (FHROVATLIY FA—FIHED)
o ANUNIJAILZDHEHERLEM

o AFRLF-AEmEM

. TESREOXH

95



Sh - A - BERY AREICIE. BISEHLGTAELRSGVAELNHY ET ., Fi-. sha - BERRHIE.
FREICFE>TW HAHWVIETL > TEALICB T TENMETAELE o BVAENHY TS, TEDOYR

FEFERALT, REGREASHI O TOASMERLTTEL,

s - shE - REEROREMER Y R b

sh

shia - B

FERTORE
AT
SRXATFLarkO—5
NyTNERYTY—=0)v T 248
Ny T)—=FRIVABE IR Ty biXw s
RURI41L%

BEELETFAERS VAR
FlED/ NNy T 2{@E
FROVATLOY FO—S
N RRYT
FSRILT—X
IDA—F
A—H—N\2UFETvy
[ANPIS e o v gl By g [V

(1

=l

OoOoOo0Ooooa

WHEIZKH CTERT S2HE
O FlED/NNyT1)—EIL
O FHEHOAUETqILA

ERAGTOAE
FHEBIA T
SRATFLarbkO—5
NyTYERYTY—=o)y T 248
Ny T)—=FRIVAAE TR Ty biXv s
RUbT41L4

ERELBTNEESHVLEE
FlED/NNyT) 2@
FHDORAT LY FO—5
N RRYT
FSRNILT—R
IDA—F
A=Y=V Ty
ENBRRRIE T =27 Il

(1

=l

OoOoOoOoooa

BAEICES> T HHIVIEHFEL TEI G
[ThiFEsZ0EE

FiEn/NyT) 81{E
FlED/NNyT)—IL
FlRONvTI—=D) v T
FHDORU LT 4 ILE

PBU 1 &
FTARTLLESa—IL 1A

EPP 1 {&

ooOooooa

WHEITIE CTEBECHE > T HH L EHE
BLTH<AR

Ry bk

Ny T —RILRE

T4 NI K

xI7—Fv b

Ooonono

96




9. S - 4hia - RIS SRR ER

A, BRIADDEZREICES -ODTEREEBEDFARESZRTRRICOVTHITERELS

AT, WEAHBFEBIATIDEOE —MEERRRERICEA L T, LITOSM, SHNAFIFERERIZS Y 2EEA

HYET,
2 0 0 F A =|
M. SNAE IR % AR CIRAT S
s - A - BRe E3) EIfE]
FHTH5HLD0EO0OTHATEEWY) (B ZFOANTF &Y
I N AW
¥ EIFE B RE@EREH A = i
TEETE
(SFHHEFAZE)
GMEEZIIINAN SRS BEE, HAWIXKRIENERET 2 BHRFEITX A2 ZRRAT S
Z 4
-t
Hft: 200 =3 A =| Z4 :

- BEEFIIEENRESE (BEINRBRENES)
Bff: 200 F A H EZ4 .
s NEN (SRBEICHEHFONINEADA)

Bff: 200 3 A H Z4

Bff: 200 F A H EZ4
- B =R

Bftf: 200 3 A H Z4

97



A3. THAMEERERAICBE T B RATARIER
A3 1 FEBIA T DBOMAMSBREROS HKFLEDKRY )

10 7 ALLEDSEBIERFEEF S 2HEHIE LT, Ty v TL— FMRBEERUVZOREGT—5 £HEN
EEGE

(1) APEREZED-MAEHERERROBE

B2 (Bjork-Shilay)

[ T
@ =
. RO

ST T T AR S

1 HEREREAEE

Aortic compliance Atrial reserve tank
tank (atrial pressure: 11
Peripheral mmHg)
resistance | ‘
—_—
SysQ -— 1Flnw
I‘\ Fad
i "\'
E'"I:la: LVP _
%

Zyia—Tl—h
B (i i e T

Displacementig
sensor ——

#

2 A .
MedTech Heart LA
MELEEER \

2 HEREERIOvY

98



(2) AL v 7 MEBZAVHEDEE (10 4 AU LERER)

Mo 20 (PR 86mm)
HATFTh

b7 o i —F b— | (PMX 59mm)

L 3 M .
N : ﬂa&“& Lo P b
@‘-—-.j i' '}1:.'??".:'; a
- = 0 g ldio— |
S ) —— A FT—A

- B—=T—rlT [

&b

@ ELTVIER
--a  ERYER

i ‘
- -

FHrF it s

U:T._f".'r’n
e iri—F
P el

Ao L FTFT—h

AT Y o

k- S

DC®—F—

4 10 s AL EDOEREEZE T SHBEE

99



(3) REEZAL107 AMAMSRT —4 HRZFLEODEMBATOEOESS)

mmHg

140

120

100

80

60

40

20

50 100 150 200
Day

®5 MAMSREBRT—4 (&t 313BMH.

100

7.20
6.20
5.20
4.20

3.20

HEREBECITEELZL)

MaglLev power W

* AoPmean

= | VPmean

x LVP Peak
Maglev Power

* Pump Flow

Flow L/min




A3.2 FEBNATDEBMAMSBREDEISNBRER (1 RFHRELRY D)
A3 1T IR LE=THAMREBREE Z AT, UTISTRY 1 4 AROERERERZER L =R, RO & S 2
AMREREICET 5/ vnohzohT,

() SEEEABM L/ oNT=/ I\

1. ASNERR : 37°CICELT

1.1 EEE. VY—/N\ BEE YE—HKLTE5,

1.2 RSHMEEET 51568, ZFKI EEBEGHET SVLENH D, (RHERFITIEL 1 BF 100mL)
1.3 K& EIREESSICHEL. AN—DGETHRNSBENDZENGNELSIZT S,

o (ERA  AEAKKIZELT

2.1 Eht HiEkmE. SUS 316 L EDTEMEET 2RENDH D,

2.2 f=ERIZA6HT U+ 0. WEHEKER (1000g) (. 71> 4608, HibF kUL g, FHEK
531g AN LMY 5, ERRICRENE AN TEREN LT 2BENDH S,

3. HEMEICELT

3.1 TyivTL—rEDBE  §4 7 I LICMAMEELNHDLDEEET S,

3.2 RO—XEBDIHFE : NO—XITHAUNHLEIEHEET B,

3.3 dp/dt ZAEKDEIZEDLESE=HIZE ) =ZTE—2 AIERE—2) XM HLO YT FKZERANLS,
3.4 TFIBEONBIRERRT DLENHD.

4. HENFREIRRIZEIL T
4.1 HBEBANOTRABREERT 576, RABERE>20m, FOE>20m &3 HDH LU,
4.2 FEDLEBEFOFMEEEEICHELER, MAERRICADDHN L,

5. AT DiEEGERICEIL T
KEREEROENICEHT 5 & 5 GHEEHEMMRG L LEBHERICERE T 2 DA KLY,

101



2 AR UOBBERO-RBEE (145 AOXRHERA)

<
Ho
@)
e MR- roHE M7 HEHER

Q) REEBEZRAV: 1 AXBERELLERY TOMAMRERT—4 (GEfE 30 BfE)
ARAA L 38 (RIBBKICKDBRIA T I5LKBED=H)
T IDRERRR M AEARIE D, KEWARFSELFAH
HERDSEM . 60.0x1.0 bpm
VAD &44 - [EIER%L : 190810 rpm, &R : 0. 36-0. 52A

ERRE : 5.2+0.2 L/min. R 37.0+0.3 °C
6
5 .—-—-I-'—IIW
4 T —o— A5 Hkrom | |
TREETH —— FHERA
3 —— A8 Fbps
—a— LHGREL/ min
2
1 T Tar T L L L L L T T T L mwrr 7T T T
}F**ﬁm )IGK—)IHGHHBT
0 L L L L L
0 5 10 15 20 25 30

FAERBHNR TR H#(POD)
8 3 0BT (1 AXERERDRY D)

102



A3.3 MBI AT DBOWMAMRERE, Y/ GEDRY D)

. mEEE(ICDONT,
MAMERERTE., BBEELTTIIEL, R TRDE 37°C. LM HiBAAENEET
JICHERICRELTHERT DLENDH D,

- BRI ONT
FAIE LT, £ERTHERTEE, MAMRRTIIBRNROBRELHAERL &5 LWLV 5EHR
AREENTLDDT, BKEFZIFANIZC WL, FAHOERT, LEDHERAHEDZ
BICVEREZFERAT S LICHD, BATE, RE - EOREHTTT VLY VKB
KR (ER) LEBTRUTERICENGZVWI LZHELT, £BET2HULDOREZ
EELTW S,

. HEMERBIC DT
A A=Y OHlfE. dp/dt DFER (REFHZEHT) 28HT. LYREERES
LB, V=T - F—2—ICLBBEAEEND, 51T, AEMGHRET
BHRICIE. ALIZSULAARY D VIZLA. T4 7 75 LEREMEHEICER SN 2820
MAMENLETHS S,

. HEBRRRAR L TOmMY DT
FJ. Inflow & Outflow @ Conduit IZDWVT, BEKRTHEAT LD EMIR BERD)
ANEILLDEFATRETHA S, SHIT, RUTOMYFFITRIEE., EBICERIC
HEZAENTKEBICEDELIRETHA I,

. Mock &5 =DV T
1 DDF Y UN—TaAVTSATUREE KH) 252 D5ARIE. NS URERBON
HLLDE LN, BATIESBEEICL TS, £z, AISHD +S5 TILTREREN
EFE-Y, ROTHBIELIZY., KRNENFKEE LI, DEICHET S HY/—
NENGEVWK S ITT DBENHS S,

kS TR
HOPIEENRELIZEEZORNREMHAATELRETHA S, BHOFITIE, R
TO—REL (S<EVEHE) THRE - BHRTEILS5LBVRATAICTELS5IERSN
fzo Tz KBNWDH-BE. ECICVRTLALERV T2BHELTEDLSHIRT
LIZLTHBLZELEE, hSORETRY TZELETSE. FhICHZ ShiELERY
T3H55,

103



PSRRI -

1. BELORE
BypassZH#H T 5.
HE# %70 bpmITRE,
SV, AR/ ILIZRE,

TF 6.5 I/min
MAoP 85 mmHg

2. 2L OEE

SV#TFIT5.

TF  3.251min (1.0%4%)
FEUbS HOL L
BypassBili.

[ESEEERE.
TF 6.5 I/min (1.2REL)

HENE T DR TE i
wia

After Load | A
Valve V7

Compliance
Tube

104




A4 FEREBBATOEOMALRERT — 2 WEH CAEREIRY D)

(1) THAMEHEREARE

EtY AR (BYH) AR @y

Laftl |E Ei |"-. Lprel R prel

| E E| I 3
ERAR ENRAR GHRAR
S e s 5
1 i/
Eln#& HlmE
b #r BB
ﬂE#&f HrER

e &

AKis

R
AMe—5—
i Mol 7

(2) MAMEHEREEADOBIER

105



(3) MHAMERERDEF

(Ba) MHAVESERILET

(4) MHAMEAERSER (200656 A29BIR7E)

@b) EHEIERET—HUERAI EL—4

No. [ RTF L ZiBEZ (MEBH(x1.5)  |[EREIEHE  |EER AR+
(/) (/) (bpm)

1 |M=50YATL(TOT #EL) 660 990 120 R T -

2 |M5WYATA 577 866 120 R T -

3 |MAWYATA 501 752 120 R T -

4 |M=50YATA 171 1166 120 T -

5 |M4MYATh (TOT £EL) 389 80 fhik —ILFRB
6 |MAMYATA 774 80 T -

7 |MSWVATA 354 80 =1 E—A2 AR
8 (M—AMYATA 127 80 it 5l -

<BHP> 2FELE T30 B) DAL EERET S

No. 1~No. 4 IEHNEEAER & L TIHEIEL 120bpm TEEE)
HBY HEMH

DRATFLIZKPIZERE

KB 312 &

BIET 105 [mm Hgl

E#®AHF 10020 [mm Hgl

%A% 2020 [mm Hgl

106




M. XERE

1) NIH : Phased readiness testing of implantable total artificial hearts, request for proposal,
NHLBI-HV-92-28 (1992)

2) ASAIO-STS : Long-term mechanical circulatory support system reliability recommendation (1998)
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OMB NO. 0990-0115

. SOLICITATION
SECTION A - SOLICITATION/CONTRACT FORM Page 1 of 154 pages
1. Purchase Authority: Public Law 95-83 as amended
2. REQUEST FOR PROPOSAL (RFP) 3. ISSUE DATE: 4. SET ASIDE: _X_NO
NOHBER: NHLBI-HV-92-28 October 8, 1992 __ YES See Part IV
Section L

T TITLE: Phased Readiness Testing of Implantable Total Artificial Hearts

6. ISSUED BY: 7. SUBMIT QFFERS TO:
HLYD Contracts Section
National Heart, Lung, and See Part III, Section J, "Packaging

Blood Institute and Delivery of the Proposal,*

National Institutes of Health ATTACHMENT 1 of this Solicitation
Federal Building, Room 4C04
9000 Rockville Pike
Bethesda, Maryland 20892 A

8. Proposals for furnishing the supplies and/or services in THE SCHEDULE will be
received at the place specified in, and in the number of copies specified in
Attachment 1 until 4:00pm local time on Japuary 28, 1993.

9. THIS SOLICITATION REQUIRES DELIVERY OF PROPOSALS TO TWO DIFFERENT LOCATIONS.
THE OFFICIAL POINT OF RECEIPT FOR THE PURPOSE OF DETERMINING TIMELY DELIVERY
IS THE ADDRESS PROVIDED FOR THE RESEARCH CONTRACTS BRANCH AS STATED IN
ATTACHMENT 1. IF YOUR PROPOSAL IS NOT RECEIVED BY THE CONTRACTING OFFICER OR
HIS DESIGNEE AT THE PLACE AND TIME SPECIFIED FOR THE RESEARCH CONTRACTS
BRANCH, THEN IT WILL BE CONSIDERED LATE AND HANDLED IN ACCORDANCE WITH PHS
CLAUSE 352.215-10 ENTITLED, "LATE PROPOSALS, MODIFICATIONS OF PROPQSALS AND
WITHDRAWALS OF PROPOSALS" LOCATED ON PAGE 132 OF THIS SOLICITATION.

10. Offeror must provide full name, address, TIN, and, if different, the address
to which payment should be mailed. '

. FOR INFORMATION CALL: Joan E. O'Brien

PHONE: (301) 496-6838
COLLECT CALLS WILL NOT BE ACCEPTED.

12. Table of Contents on following page.

-2,

an E. 0'Brien
Contracting Officer
HLVD Contracts Section
National Heart, Lung, and Blood Institute
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PART I - THE SCHEDULE

THE CONTRACT SCHEDULE SET FORTH IN SECTIONS B THROUGH H, HEREIN, CONTAINS CONTRACTUAL
INFORMATION PERTINENT TO THIS SOLICITATION. IT IS NOT AN EXACT REPRESENTATION OF THE
PROPOSED ' CONTRACT DOCUMENT. CONTRACTUAL PROVISIONS PERTINENT TO THE OFFEROR (I.E.,
THOSE RELATING TO THE ORGANIZATIONAL STRUCTURE [E.G., NON-PROFIT, COMMERCIAL] AND
- SPECIFIC COST AUTHORIZATIONS UNIQUE TO THE QFFEROR'S PROPOSAL AND REQUIRING CONTRACTING
OFFICER PRIOR APPROVAL) WILL BE DISCUSSED IN THE NEGOTIATION PROCESS AND WILL BE
INCLUDED IN THE RESULTANT CONTRACT. HOWEVER, THE ENCLOSED CONTRACT SCHEDULE PROVIDES
ALL THE NECESSARY INFORMATION FOR THE OFFEROR TO UNDERSTAND THE TERMS AND CONDITIONS
OF THE RESULTANT CONTRACT.
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SECTION B - SUPPLIES OR SERVICES AND PRICES/COSTS

ARTICLE B.1. BRIEF DESCRIPTION OF SUPPLIES OR SERVICES

The objectives of the solicitation are to complete the development of electrically
powered, totally implantable artificial heart (TAH) system and -establish the
reliability, performance and manufacturability of these TAH systems.

ARTICLE B8.2. PRICES/COSTS

The final contract will contain the price/cost provisions agreed upon during
negotiations,

ARTICLE B.3. PROVISIONS APPLICABLE TO DIRECT COSTS

This article wil) prohibit or restrict the use of contract funds, unless otherwise
approved by the Contracting Officer for: 1) Acquisition, by purchase or lease, of any
interest in real property; 2) Special rearrangement or alteration of facilities;

3) Purchase or lease of any item of general purpose office furniture or office
equipment regardless of dollar value; 4) Travel Costs; 5) Patient Care Costs;

6) Accountable Government Property; and 7) Research Funding.

ARTICLE B.4. ADVANCE UNDERSTANDINGS

Specific elements of cost, which normally require prior written approval of the
Contracting Officer before incurrence of the cost (e.g., foreign travel, consultant
fees, subcontracts) will be included in this Article if the Contracting Officer has
granted his/her approval in the preaward negotiation process.

SECTION C - DESCRIPTION[SPECIFICATfOHS[WORK STATEMENT
ARTICLE C.1. STATEMENT OF WORK

a. Independently and not as an agent of the Government, the Contractor shall be
required to furnish all the necessary services, qualified personnel, material,
equipment, and facilities, not otherwise provided by the Government, as needed to
perform the Statement of Work, SECTION J, ATTACHMENT 2, dated October 8, 1992,
attached hereto and made a part of this Solicitation.

ARTICLE C.2. REPORTING REQUIREMENTS

a. Jechnical Progress Reports

In addition to the required reports set forth elsewhere in this Schedule,. the
preparation and submission of regularly recurring Technical Progress Reports will
be required in any contract resulting from this solicitation. These reports will
require descriptive information about the activities undertaken during the
reporting period and will require information about planned activities for future
reporting periods. The frequency and specific content of these reports will be
determined during negotiations.
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f.

For proposal preparation purposes only, it is estimated that three copies of these
reports will be required as follows:

(X) Quarterly

(X) Annually (with a requirement for a Oraft Annual Report)

(X) Final - Upon final completion of the contract (with & requirement for a Draft
Final Report)

Summary of Salient Results

The Contractor will be required to prepare and submit, with the final report, a
summary (not to exceed 200 words) of salient results achieved during the
performance of the contract. This report will be required on or before the
expiration date of the contract. '

Program Plan

The Contractor shall prepare a program plan comprised of anticipated completion
dates of key milestones. This report will be required on or before thirty (30)
dates from the date of award in Phase I and on or before thirty (30) days from the
beginning of Phase 1I.

In Vivo Reports

The Contractor shall prepare a report which will contain the important
measurements that indicate the' physiological status of the animals as well as
device performance. This report will be required biweekly during chronic in vivg
TAH performance tests.

Final Technical Report - Phgse I

Ninety days before the end of Phase I, the contractor shall prepare and submit a

final technical report of progress of activities, specifically describing

accomplishments on a task by task basis. The demonstrated accomplishments shall

include, at a minimum, g _TJAH design for five year.life, tw ically sealed

TAH_ systems tested in vitro.for.at._Jeast 3. months tﬂﬂ_hﬂrmﬁtisaiifai§§1e Tf”
o _mo com

systems evaluated in animals over at.least.a tw nth period, a_ t
ixturé_appropriate for performing.device readiness testing for at least two TAH

systems, a Quality Control and Quality Management program in place, etc. An
operational TAH system shall accompany the Final Technical Report.

Final Technical Report - Phase 11

Ninety days before the end of Phase II, the contractor shall prepare and submit
a- final. technical report of progress of activities, specifically describing
accomplishments on a task by task basis. The accomplishments shall include, at
a minimum, the results of the in vitro device readiness testing over a two year
period and the resuits of the gh@gnigwgnjmg_W“ggging £0 achiev 1ﬁﬁ1‘ﬁ§¢“ S
of failure free operatian. An operational TAH system SHETT accompany tHe Final
Techniical Report.
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SECTION D - PACKAGING, MARKING AND SHIPPING

A1l deliverables required under this contract shall be packaged, marked and shipped in
accordance with Government specifications. The Contractor shall guarantee that al}
required materials shall be delivered in immediate usable and acceptable condition.

SECTION E - INSPECTION AND ACCEPTANCE

a.

The Contracting Officer or the duly authorized representative will perform
inspection and acceptance of materials and services to be provided.

For the purpose of this ARTICLE, the Project Officer is the authorized
representative of the Contracting Officer.

Inspection and acceptance will be performed at:

National Heart, Lung, and Blood Institute
National Institutes of Health

Federal Building, Room 4C04

7550 Wisconsin Avenue

Bethesda, Maryland 20892

Acceptance may be presumed unless otherwise indicated in writing by the
Contracting Officer or the duly authorized representative within 30 days of
receipt. .

This contract incorporates the following clause by reference, with the same force
and effect as if it were given in full text. Upon request, the Contracting
Officer will make its full text available.

FAR Clause No. 52.246-8, [INSPECTION OF RESEARCH AND DEVELOPMENT - COST
REIMBURSEMENT (APRIL 1984)

SECTION F - DELIVERIES OR PERFORMANCE
ARTICLE F.1. DELIVERIES.

a.

Satis?actory bérformahce-of the final contract shall be déemed to occur upon
delivery and acceptance by the Contracting Officer, or the duly authorized
regrgs?ntative, of the following items in accordance with the stated delivery
schedule: ’ ‘

(1) The items specified below as described in SECTION C, ARTICLE C.1 and C.2 will

be required to be delivered F.0.B. Destination as set forth in FAR 52.247-35,
F.0.B, DESTINATION, WITHIN CONSIGNEES PREMISES (APRIL 1984), and in accordance
with and. by .the date(s) specified below [and anﬁ specifications stated in

SECTION D, PACKAGING AND MARKING, of the contract
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(c)

(d)

(e)

()

(g)

Item

(a)

(b)

(c)

(d)

Description

Program Plan

In Vivo Report

Quafterly Reports

Draft Annual Report
Annual Reports

Final Phase I Technical
Report

Operational TAH system

Description

Program Plan

In Vivo Report

Quarterly Reports

Draft Annual Report

Phase I
Quantity

1

Phase II
Quantity

3
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Delivery Schedule

30 days from the date of

contract award.

Biweek 1y during chronic in
vivo TAH performance
tests.

15 days following the end
of each three-month
interval after the date of
award.

90 days before the
anniversary dates of the
award.

Yearly, on anniversary
dates of award.

' 90 days before the

completion of Phase I.

Completion date of
Phase I.

Delivery Schedule

30 days from the beginning
day of Phase II.

.Biweek 1y during chronic in

vivo TAH performance
tests.

15 days following the end
of each three-month
interval after the start
date of Phase II.

90 days before the
anniversary dates of the
start of Phase II.



(e) Annual Reports 3 Yearly, on anniversary
dates of the start of
Phase II.
(f) Oraft Final Phase II 3 90 days before contract
Technical Report expiration.
(g) Final Phase Il Technical 3 Contract expiration date.
Report, summary of
salient report
(h) Operational TAH System 1 Contract expiration date.

The above items shall be addressed and delivered to:

Phase I
Addressee Deliverable Item No. Quantity
Project Officer (a) Program Plan 2
National Heart, Lung (b) In Vivo Report 2
and Blood Institute. (c) Quarterly Reports 2
National Institute (d) Oraft Annual Report 2
of Health (e) Amnual Report 2
Bethesda, MD. 20892 (f) Final Phase I 2
Technical Report
(g) Operational TAH 1
system Phase I
Contracting Officer ga) Program Plan 1
HLVD Contracts Section b) In Vivo Report 1
National Heart, Lung (c) Quarterly Reports 1
and Blood Institute (d) Draft Annual Report 1
National Institute - ée Annual Report 1
of Health f) Final Phase I 1
Bethesda, MD. 20892 Technical Report
Phase II
Addressee Deliverable Item No. Quantity
Project Officer ga) Program Plan 2
National Heart, Lung b) In Vivo Report 2
and Blood Institute (c) Quarterly Reports 2
National Institute (d) Draft Annual Report = 2
of Health ' geg Annual Report ' 2
Bethesda, MD. 20892 f) Draft Final Phase II ' 2
Technical Report
(g) Final Phase II 1
Technical Report
(h) Operational TaH 1

system Phase II
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Contracting Officer (a) Program Plan 1
HLYD Contracts Section  (b) In Vivo Report 1
National Heart, Lung (c) Quarterly Reports 1
and Blood Institute (d) Draft Annual Report 1
National Institute (e) Annual Report 1
of Health (f) Oraft Final Phase II 1
Bethesda, MD. 20892 Technical Report

(g) Final Phase II 1

Technical Report

ARTICLE F.2. STOP WORK ORDER

Any contract resulting from this RFP will contain the following:

This contract incorporates the following clause by reference, with the same force
and effect as if it were given in full text. Upon request, the Contracting Officer
will make its full text available.

FEDERAL ACQUISITION REGULATION (48 CFR CHAPTER lg CLAUSE: 52.212-13, STOP WORK
ORDER (AUGUST 1989) with ALTERNATE I (APRIL 1984

SECTION G - CONTRACT ADMINISTRATION DATA

Any contract awarded ffom this RFP will contain the following:
ARTICLE G.1. PROJECT OFFICER

The following Project Officer(s) will represent the Government for the purpose of
this contract:

[To be specified during negotiations]

The Project Officer is responsible for: (1) monitoring the Contractor's technical
progress, including the surveillance and assessment of performance and recommending
to the Contracting Officer changes in requirements; (2) interpreting the statement
of work and any other technical performance requirements; (3) performing technical
evaluation as required; (4) performing technical inspections and acceptances
equired by this contract; and (5) assisting in the resolution of technical problems
encountered during performance. ‘ '

The Contracting Officer 1is the only person with authority to act as agent of the
Government under this contract. Only the Contracting Officer has authority to: (1)
direct or negotiate any changes in the statement of work; (2) modify or extend the
period of performance; (3) change the delivery schedule; (4) authorize reimbursement
to the Contractor any costs incurred during the performance of this contract; or (5)
otherwise change any terms and conditions of this contract.

The Government may unilaterally change its Project Officer designation.
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ARTICLE G.3. KEY PERSONNEL

The personnel specified in this contract are considered to be essential to the work
to be performed hereunder. Prior to diverting any of the specified individuals to
other programs, the Contractor shall notify the Contracting Officer reasonably in
advance and shall submit justification (including proposed substitutions) in
sufficient detail to permit evaluation of the impact on the program. No diversion
shall be made by the Contractor without the written consent of the Contracting
Officer; provided, that the Contracting Officer may ratify in writing such diversion
and such ratification shall constitute the consent of the Contracting Officer
required by this article. The contract may be amended from time to time during the
course of the contract to either add or delete personnel, as appropriate.

The following individuals are considered to be essential to the work being performed
hereunder:

NAME TITLE

{To be specified during negotiations]

ARTICLE G.4. INVOICE SUBMISSION

a. Invoice/Financing Request Instructions for NIH. Cost-Reimbursement Type
Contracts, NIH(RC)-1, are attached and made part of this contract. The
instructions and the following directions for the submission of
invoices/financing requests must be followed to meet the requirements of a
"proper” payment request pursuant to FAR 32.9.

Invoices/financing requests shall be submitted concurrently as follows:
(1) An original and two copies to the following designated payment office:

Natijonal Institutes of Health
Division of :Financial Management
Chief, Contracts Section, FAAB
Building 31, Room B1BOSA

-9000 Rockville Pike

Bethesda, Maryland 20892

(2) Three copies to the following approving officer:

Contracting Officer,
"~ HLVD Contracts Section
National Heart, Lung and Blood Institute, NIH
Federal Building, Room 4C04
Bethesda, Maryland 20892

Inquiries regarding payment of invoices should be directed to the designated
payment office, attention of Chief, Contracts Section, FAAB, (301) 496-6452.
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a.

ARTICLE G.5. CONTRACT FINANCIAL REPORT

Financial reports on the attached Form NIH-2706, Financial Report of Individual
Project/Contract, shall be submitted by the Contractor in accordance with the
Instructions for Completing Form NIH-2706, which accompany the form, in an
original and two copies, not later than the 30th working day after the close of
the reporting period. The line entries for subdivisions of work and elements
of cost (expenditure categories) which shall be reported within the total
contract are listed in paragraph e., below. Subsequent changes and/or
additions in the line entries shall be made in writing.

Unless otherwise stated in that part of the Instructions for Completing Form
NIH-2706, "Preparation Instructions,” all columns A through J, shall be
completed for each report submitted.

The first financial report shall cover the period consisting of the first full
three calendar months following the date of the contract, in addition to any
fractional part of the initial month. Thereafter, reports will be on a
quarterly basis. :

The Contracting Officer may require the Contractor to submit detailed. support
for costs contained in one or more interim financial reports. This clause does
not supersede the record retention requirements in FAR Part 4.7.

The following are examples of expenditure categories to be reported:

Expenditure Category Percentage of
A

Effort/Hours

(1) Direct Labor
(a) Principal Investigator
(b) Co-Principal Investigator
(c) §Q% Personnel
i
(i)
(i)
(2) Professional Personnel - Other
(3) Personnel Other
(4) Fringe Benefits
5) Materials/Supplies
§) Travel
7) Equipment
&8) Indirect Cost
9) G3A
Premium Pay
Computer Costs
Consuitant Costs
) Subcontract Costs
) Fee

10
11
12
§13
14
(15) Total
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ARTICLE G.6. INDIRECT COST RATES

In accordance with Federal Acquisition Regulation (FAR) (48 CFR Chapter 1) Clause
52.216-7(d)(2), Allowable Cost and Payment incorporated by reference in this

contract in Part II, Section I, the cognizant Contracting Officer responsible for
negotiating provisional and/or final indirect cost rates is identified as follows:

Chief, Financial Advisory Services Branch
Division of Contracts and Grants
Building 31, Room 1B43

National Institutes of Health

Bethesda, Maryland 20892

These rates are hereby incorporated without further action of the Contracting
Officer,

ARTICLE G.7. GOVERNMENT PROPERTY

If this RFP will result in the acquisition or use of Government Property provided by
the contracting agency or if the Contracting Officer authorizes in the preaward
negotiation process, the acquisition of property (other than real property), this
ARTICLE will include applicable provisions and incorporate the OHHS Publication (0S)

686, entitled, Contractor's Guide for Control of Government Property, (1990).
ARTICLE G.8. GQVERNMENT SUPPLY SOURCES

Any contract resulting from this RFP will incorporate the following clause by
reference, with the same force and effect as if it were given a full text. Upon
request, the Contracting Officer will make its full text available.

FEDERAL ACQUISITION REGULATION (48 CFR CHAPTER 1) CLAUSE: 52.251-1, GOVERNMENT
SUPPLY SOQURCES (APRIL 1984)

SECTION H - SPECIAL CONTRACT REQUIREMENTS
ARTICLE H.1. SUBCONTRACTING PROVISIONS

a. Small Business and Small Disadvantaged Business Subcontracting Plan

(1) The Small Business and Small Disadvantaged Business Subcontracting Plan,
dated is attached hereto and made a part of this contract.

(2) The failure of any Contractor or subcontractor to comply in good faith with
the Clause entitled "Utilization of Small Business Concerns and Small
Disadvantaged Business Concérns" incorporated in this contract and the
attached Subcontracting Plan, will be a material breach of such contract or
subcontract and subject to the remedies reserved to the Government under
FAR Clause 52.219-16 entitled, "LIQUIDATED DAMAGES -~ SMALL BUSINESS
SUBCONTRACTING PLAN."

121



b. Subcontracting Renorts

(1) The Contractor shall submit the original and 1 copy of Subcontracting
Report for Individual Contracts, SF-294 in accordance with the instructions
on the report as referenced in Public Law 95-507, Section 211. Regardless
of the effective date of this contract, the Report shall be submitted on
the following dates for the entire life of this contract:

April 30th
QOctober 30th

The Report shall be sent to the following address:

Contracting Officer

HLVD Contracts Section

National Heart, Lung and Blood Institute, NIH
Federal Building, Room 4C04

Bethesda, Maryland 20892

(2) The Contractor shall submit 1 copy of Summary Subcontract Report, SF-295 in
accordance with the instructions on the report as referenced in Public Law
95-507, Section 211. The Summary Contracting Report shall be submitted
annually on the following date for the entire 1ife of this contract:

October 30th

The first report shall be submitted after the first full year of this
contract in addition to any fractional part of the year in which this
contract became effective. This Report shall be mailed to the following
address:

Office of Small and Disadvantaged Business Utilization
Department of Health and Human Services

Hubert H. Humphrey Bldg., Room 517-D

200 Independence Avenue, S.W.

Washington, D.C. 20201

 ARTICLE H.2. SALARY RATE LIMITATION IN FISCAL YEAR 1992*

Pursuant to Public Law (P.L.) 102-107, no NIH Fiscal Year 1992 (October 1, 1991 -
September 30, 1992) funds may be used to pay the direct salary of an individual
through this contract at a rate in excess of $125,000 per year (direct salary is
exclusive of Overhead, Fringe Benefits and General and Administrative Expenses).
The $125,000 per year salary limit also applies to individuals proposed under
: Subgontracts. If this {s a multi-year contract, it may be subject to unilateral
modification by the Government if an individual's salary rate exceeds any salary
Tate ceiling established in future DHHS appropriation acts. P.L. 102-107 states in
pertinent part:

"None of the funds appropriated in this title for the National Institutes
of Health and the Alcohol, Drug Abuse and Mental Health Administration
shall be used to pay the salary of an individual through a grant or other
extramural mechanism at a rate in excess of $125,000 per year."
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*Legislation is pending for salary rate limitation for Fiscal year 1993. This
article will be modified when the public law has been signed.

ARTICLE H.3. RESTRICTION FROM USE OF LIVE VERTEBRATE ANIMALS

UNDER GOVERNING POLICY, FEDERAL FUNDS ADMINISTERED BY THE PUBLIC HEALTH SERVICE
(PHS) SHALL NOT BE EXPENDED FOR RESEARCH INVOLVING LIVE VERTEBRATE ANIMALS WITHOUT
PRIOR APPROVAL BY THE OFFICE FOR PROTECTION FROM RESEARCH RISKS (OPRR) OF AN
ASSURANCE TO COMPLY WITH THE PHS POLICY ON HUMANE CARE AND YSE OF LABORATORY
ANIMALS. THIS RESTRICTION APPLIES TO ALL PERFORMANCE SITES WITHOUT OPRR-APPROVAL

ASSURANCES, WHETHER DOMESTIC OR FOREIGN.
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PART I11
LIST OF DOCUMENTS,
EXHIBITS AND OTHER ATTACHMENTS
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PART IIf - LIST OF DOCUMENTS K EXHIBITS AND OTHER ATTACHMENTS

SECTION J - LIST OF ATTACHMENTS

#_of
TITLE DATE PAGES
1. Packaging and Delivery of Proposal Dec., 1988 2
2. Statement of Work Oct., 1992 17
3. Invoice/Financing Request Instructions for NIH5 Jan., 1991 5
Cost-Reimbursement Type Contracts, NIH{RC)-1
4. HHS 646, Financial Report of Individual Jan., 1981 1
Project/Contract s
5. Instructions for Comple}ing form HHS-646 Dec., 1990 4
6. Subcontract Plan Format® or May, 1991 8
7. Procurement of Certain Equipmehtg Apr., 1984 1
NIH(RC)-7 (OMB Bulletin 81-16)
8. Disclosure of Loqpying Activities, Dec., 1989 3
OMB Form SF-LLL
9. Proposal Summary and Data Record, June, 1982. 2
NIH-2043 (Rev. 6/82)%
10. Technical Proposal Cost Informatio?1 Dec., 1988 1
11. Contract Pricing Proposal, SF 1411 July, 1987 1
12. Breakdown of Proposed Estimated ' Dec., 1988 2
Cost (plus feeg and Labor H?ursz
13, Summary of Related Activities March, 1984 1
l4. Proposal Intent Response Sheet March, 1984 1
15. Government Notice for Handling Proposals’ Apr., 1984 1
16. International Standard IS0 9000. ' IS0 9000:1987 9
17. Rosenberg, G, et al. report. June, 1990 8
18. NIH Publication No. 1 85-2723, Oct., 1983 5
19. Public Health Service Policy on Humane - N/A 1

Care and Use of Laboratory Animals.
Footnotes:

1. These forms must be completed (where applicable) and submitted with the
Technical Proposal. . ‘

2. These forms must be completed (where applicable) and submitted with the
Business Proposal.

3. These forms are for informational purposes only. :

4. If applicable, this form is to be completed and submitted with the Technical
Proposal. ALL INSTITUTIONS MUST HAVE THE FORM REVIEWED AND APPROVED BY THEIR
INSTITUTIONAL REVIEW COMMITTEE. ~

5. These forms will be attached to any contract resulting from this RFP.
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PACKAGING AND DELIVERY OF THE PROPQSAL

four proposal shall be organized as specified in Section L.2., "Instructions to
offerors” - General Instructions. Shipment and marking shall be as indicated below.

EXTERNAL PACKAGE MARKING

In addition to the address cited below, mark each package as follows:

“RFP NO. 92-28
TQ BE OPENED BY AUTHORIZED GOVERNMENT PERSONNEL ONLY"

NUMBER OF COPIES

PLEASE NOTE - THE TECHNICAL PROPOSAL SHALL BE SENT IN SPLIT SHIPMENTS TO TWO
LOCATIONS. PLEASE READ THE FOLLOWING INFORMATION CAREFULLY.

" A. TECHNICAL PROPOSAL ONLY

ORIGINAL* AND 25 COPIES TO:
If hand-delivered or delivery service If using U.S. Postal Service

Joan E. QO'Brien Joan E. Q'Brien

Contract Specialist Contract Specialist

HLVD Contracts Section HLVD Contracts Section

National Heart, Lung, and National Institutes of Health
Blood Institute, NIH National Heart, Lung, and

Federal Building, Room 4C04 Blood Institute

7550 Wisconsin Avenue Federal Building, Rm. 4C04

Rockville, Maryland 20814 Bethesda, Maryland 20892

COPIES TO:
If hand-delivered or delivery service If using U.S. Postal Service

Review Branch Review Branch
Oivision of Extramural Affairs Division of Extramural Affairs
National Heart, Lung and National Institutes of Health
and Blood Institute, NIH Natjonal Heart, Lung, and
Westwood Building, Room 5Al14 Blood Institute
5333 Westbard Avenue Westwood Building, Room 5A14
Bethesda, Maryland 20816 Bethesda, Maryland 20892
Packaging and Delivery of the Proposal ATTACHMENT 1

December, 1988
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B. BUSINESS PROPQOSAL
ORIGINAL* AND 10 COPIES TO:

If hand-delivered or delivery service If usinag U.S. Postal Service

Joan E. 0'Brien . Joan E. 0'Brien

Contract Specialist Contract Specialist

HLVD Contracts Section HLYD Contracts Section

National Heart, Lung, and National Institutes of Health
Blood Institute, NIH National Heart, Lung, and

Federal Building, Room 4C04 Blood Institute

7550 Wisconsin Avenue ’ Federal Building., Room 4C04

Bethesda, Maryland 20814 Bethesda, Maryland 20892

*THE ORIGINAL PROPOSAL MUST BE READILY ACCESSIBLE FOR DATE STAMPING.

NOTE: The U.S. Postal Service's "Express Mail" does not deliver to the Bethesda,
Maryland address. Any package sent to the Bethesda address via this
service will be held at a local post office for pick-up. Ihe Government is
not responsible for picking up any mail at a _local post office. If a
proposal is not received at the place, date, and time specified herein, it
will be considered a "late -proposal."

Packaging and Delivery of the Proposal - ATTACHMENT 1
December, 1988
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STATEMENT OF WORK

INTRODUCTORY STATEMENT

The purpose of the RFP is to solicit proposals for research, development, and
evaluation of tether-free, miniature, implantable, electrically energized total
artificial heart replacement systems.  INNOVATIVE AND STATE-QF-THE-ART CONCEPTS
WILL BE CONSIDERED; HOWEVER, SIGHNIFICANT FEASIBILITY DATA MUST BE PROVIDED.

A two-phased program is planned. _Phase [ (October 1, 1993 through September 30,
1996)-comprises design completion for a five year Total Artificial Heart (TAH) life,
demonstration of manufacturability, short te&rm performance testing in animals and
short term bench testing of several TAH systems to demonstrate the contractor's

. capability to begin readiness (reliability) testing. It is anticipated that fewer
than four contracts will continue intp Phase II. The decision to contimnue each of
the contract programs into Phase [l will b& based on successful completion of Phase
I and the Government's judgment of merit for both the Phase I work and the planned
program to be performed in Phase II. It is anticipated that technical merit will be

evaluated at that time by means of the same criteria listed in Part 17 below for the
- initial technical review with an emphasis placed on the resuits of the Phase I work.

Phase Il (October 1, 1996 through September 30, 2000) will consist of in vitro
formal reliability and in vivo animal testing of implantable total artificial heart
systems. In vitro testing and evaluation of a sufficient number of TAH systems will
establish the required reliability, and animal performance testing in a series of
animal experiments will establish that TAH performance can be maintained in an in
yivo environment. It is recognized that real-time evaluation of the integrated TAH
ot feasihle, and thus the device readines stin reliabilit

83 . _must describe any
been life tested for five years or which
ng to be performed during. this phase.

are amenable to accelerated life testi

The proposed TAH systems must be designed and developed .specifically for human use.
In vivo testing will of necessity be performed in animals, ‘but the device should not

re—

be specifically designed for animals. JTHIS SOLICITATION EXCLUDES CLINICAL TESTING
AND THE DEVELOPMENT OF A SINGLE VENTRICLE ASSIST DEVICE. Proposals which offer to

develop only portions of the TAH will be considered unacceptable.

Phase Il is predicated on the assumption that one or more TAH systems developed in
Phase I have progressed to a point where the establishment of device and team
readiness guidelines is warranted. These devices will eventually provide permanent
Circulatory support in patients with forms of ventricular failure not amenable to
medical or surgical treatment.

A Steering Committee including the principal investigators of each of the
contractors and the NHLBI Project Officer will make the major scientific decisions
regarding the development of the study protocol and manual of operations during
‘Pha§e'II and will be responsible for governing the conduct of the study thereafter.
The Chairperson will be appointed by the NHLBI. During Phase I, the Steering
Committee will meet six (6? times over the three (3) year period. Ouring Phase II,

Statement of Work ATTACHMENT 2
(10/07/92)
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it is anticipated that the Steering Committee will meet ten (10) times over the four .
(4) year period.

A Technical Review Committee (TRC) composed of experts in relevant medical,
engineering, ethical, and statistical fields will be established by NHLBI to review
periodically the progress of the study during Phase II. Relevant Federal agencies
will have ad-hoc observers. The TRC will advise the NHLBI regarding progress and
direction of the efforts of the contractors.

Propnosal Guidelines

Each'proposal submitted in response to the RFP must offer to perform research and
development on a single system concept. The offeror must provide clear rationale
for the selection of major system components. The offeror must provide supportive
data using its prototype TAH to demonstrate that it is able to achieve the goals and
timetable established in this solicitation. The following provides guidelines for
information to be included in the scientific proposal and amplifies the review
criteria which will be used to evaluate each proposal.

The TAH must be capable of supporting the full cardiac output as described below.
Although puisatile pumps need not mimic the “normal" ventricular pulse or arterial
pressure waveforms, they should generally produce a sybstantial pulsatile component
in the arterial pressure. Offerors must provide evidence that the rate of pressure
rise and fall in the pump emulates the natural heart and does not cause premature
failure or wear of the pump components (e.g., inlet or outlet valves) or excessive
turbulence, or hemolysis of blood. P ithout satile output are not
excluded from this solicitation; i i j cati e
desi v .

73
esign with appropriate feasi ' i nted. PHYSIOLOGICAL
TESTING OF PULSATILE VERSUS_NON-PULSATILE PUMPING OF BLQOD IS EXCLUDED FROM THE RFP.
It is recognized that in an implantable TAH system, a variable volume will occur
between thé blood pump actuator piston (or similar mechanism) and the electrical .
energy converter. Appropriate techniques must be provided to prevent the buildup of
pressure in the variable volume which would inhibit or prevent pump filling. Left
apd right atria ess must mimjc no siology. The design must awnid
"vent_:_ngf_m_tthg_qu%L@g. amm_w&mﬂ%lwc
1§£§§§9£§_shanggs. The of leakage ac be addressed, e.g.,

ump bladder, variable volume device. An overall system fluid leakage rate {oas
with SFg or Tiquid) of 107 cc/s at 30 Torr shall be a desian goal. . _

Consideration should be given to the overall efficiency of the TAH, over its
anticipated operating range. Efficiéncies of 20 percent or greater are desirable.
System efficiency as used here is the work output of the blood pump divided bg the
eleﬁtrica1 energy provided to the system from an extracorporeal power source/battery
pack.

It is required that the implantable TAH be specifically designed for a selected
anatomical position in the human and that the appropriate dimensions, configuration,
and weight be physiologically compatible. Offeror must describe system limitations
of the TAH with regard to bgdy habitus, age, and gender (excluding morbid obesity --
Body Mass Index 2 43.0 Kg/m*). Incorrect positioning or surgical attachment of the

. Statement of Work ATTACHMENT 2
(10/07/92)
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" replacement TAH system may be injurious to neighboring tissues. Obstruction to
venous return and/or compromise of nearby organ systems must be avoided.

1t is desirable that control of the systems emphasize auto-regulation (e.g., Frank-
starling mechanism). Ideal pump systems should present minimal resistance to inlet
plood flow and consistently deliver a major fraction of the volume of blood received
jnto the arterial system in an efficient fashion. Appropriate control techniques
must be developed to account for the flow differences between the right and left
ventricles. The TAH control system must also adapt to ambient pressure changes.

The system must not stall under any operational mode.

It is necessary that potential catastrophic failure mechanisms be eliminated from
~ the TAH design. Potential failure mechanisms should result in only reduced or
' degraded performance which is not life threatening and allows sufficient time for

corrective action.

Since the determinants of blood-material interactions are not fully understood at
the present, choice of materials (natural or synthetic) for the blood- and tissue-
contacting surfaces of the pumping chambers must be carefully documented, and the
physical and chemical properties of the materials must be characterized. The choice
.of biologically quiescent or bicactive materials must be justified. The transfer of
water across blood-contacting material could damage certain energy converter
components. Methods to eliminate or minimize fluid transfer across these surfaces
must be included in the design. Pertinent implanted material specimens should be
carefully retrieved, preserved, and.evaluated to determine their interaction with
blood or tissue components. PRIMARY AND SECONDARY SOURCES MUST BE IDENTIFIED FOR
- ALL MATERIALS TO BE USED FOR BLOOD AND/OR TISSUE CONTACTING SURFACES.

The protocols for characterization shall include techniques with the sensitivity and
specificity to detect changes which may occur as a result of fabrication procedures,
sterilization and storage. In choosing which tests to use, the offeror shall
consider the environmental changes which may alter surface properties during the
fabrication of a device and identify the types of analysis which could detect
‘changes induced by such variables as curing rate, casting surface properties, light
exposure, sterilization, storage, etc. The materials shall be evaluated before,
after, and where possible, during in vivo testing. RESEARCH ON MECHANICAL
%%gPERTIES AND- BASIC MECHANISMS OF BLOQD-MATERIAL INTERACTIONS ARE EXCLUDED FROM THE

lesearch on electrochemical batteries is not excluded in this RFP, although the
development of internal and external power sources using state-of-the-art batteries
1s a more practical approach since research support is limited. The proposed system
must provide for the transfer of energy from the external battery pack in a fail-
safe manner through or across the intact skin to power the implanted system
Components. The device must provide for emergency, hygienic, and other short-term
persanal needs using an internal battery pack or other means.

‘The performance of the TAH must be evaluated in animals prior to clinical use. The
Contractor should discuss the advantages and disadvantages of the particular animal
Model selected, including any design alterations that may be necessary for animal
‘testing as compared with the design configured for human use.

Statement of Work ATTACHMENT 2
(10/07/92)
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a. Performance Goals .

Typically, an implantable TAH should:

Be capable of supporting the failed ventricles with an output of eight
liters per minute. '

Provide for five years of tether-free operation.

Include a reliable control system which is responsive to varying
circulatory demands. '

_embali and require 1ittle or no antithrombotic therapy.

Be associated with little ar no infection, hemolysis, thrombosis, clots. or

Be capable of operation in-the presence of electric, megnetic, and
electromagnetic fields encountered in tvoical home, work, social, and
recreational environments.

Be compatible with the body following initial implantation response (e.g.,
non-taxicr non-inflammatory, non-corrosive, etc.), impervious to body
fluids, stable in the biologic envirdnment and free of leakage of device
fluids into surrounding tissues. -

Avnid thermal management prohlems and.opefate reliably at body temperature
without localized "hot spots® or causing Yocal tissue injury.

Provide rechargeéble external electrochemical energy storage to support the
TAH for at least 8 hours and means for alerting the patient for replacement
of the power source. _

If the offeror chooses to provide implantable rechargeable electrochemical
energy storage to support the TAH for emergency and hygienic purposes,
sufficient energy should be provided for a continuous output of 6 liters
per minute for '30: minutes. '

b. Human Factors

The device is to be used only in a situation in which it offers at least as
likely benefit as any known accepted technique or any experimental technique
which is available for clinical trial. Consideration of patient quality of
Tife is paramount. o

The TAH should:

B Be capable of reliable operation in any orientation, in the presence of
typical environmental vibration (e.g., airplane, auto, etc.), mechanical
shocks (e.g., falls, auto accident, etc.) and muscle movement. It should
also be easily started, should not produce adverse gyroscopic effects and
should safely dissipate excess heat.

Statement of Work ATTACHMENT ¢
(10/07/92)
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- )| Have system packaging parameters such as shape, weight, volume,
attachments, and edges, which are compatible with both internal and
external human anatomy (minimize organ displacement and cosmetic
deformities), and minimize potential for pressure necrosis or mechanical
erosion. The system should avoid bulky or heavy extracorporeal components.

J Provide psychologically and physiologically acceptable noise and vibration
characteristics to the recipient and observers,

c. Design Reliability and Performance in Animals

I The expected reliability of the device over its intended period of life
must be established, using generally accepted practices.

B The functioning and the effects of the device must be characterized in
bench testing and in experimental animals.

B The device must be fully described as to quality, materials, and methods of
use. :

B There must be evidence of reasonable safety against potential ordinary
hazards of devices such as electrical shocks, as well as against any
special hazards which may be associated with the device; the device must
20§}fa;l catastrophically and whenever feasible, the device shall be

ailsafe.

B The medical-surgical team must have specific and extensive familiarity and
actual experience with the device.

B The consequences and courses of action if the device fails must be
considered and a plan of action ocutlined.

NOTE FOR FUTURE CONSIDERATION

A goal of this work is to develop a device for use with humans. It is
anticipated that future work using this device with humans will be undertaken
after the completion of this program., Offerors are reminded that an
Investigational Devices Exemption must be obtained from the Food and Drug
Administration before human investigation is initiated. However, CONTRACT
AWARDS MADE UNDER THIS RFP WILL NOT INCLUDE HUMAN USE OF TAH DEVICES.

d. Design and Manufacturing Documentation

System and component design, materials used, methods of manufacture and
operating procedures must be described and illustrated in detail. Second
sources for critical and subcontracted components must be documented.

Offerors are encouraged to consider all applicable FDA laws and regulations
when planning their research program such as "Good Laboratory Practice for
_Nonclinical Laboratory Studies* (21 Congressional Federal Registry (CFR) Part
58) and the "Good Manufacturing Practice Regulation" (21CFR, Part 820).
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Additionally, post-award planning should consider regular visits with FDA
personnel to exchange information.

e. Quality Control and Quality Management (QC&QM)

The International Organization for Standardization has pubtished guidelines for
quality management, These guidelines shall be used by TAH contractors (IS0
9000, Attachment 16).

The purpose of this quality control and management program is to ensure
requisite quality among the systems, including those under test and those that
will be available for animal testing. Processes and process control must be
detailed and fully described. There shall be no "blind“ processes or
procedures,

In instances of proprietary technology or components, these procedures must
demonstrate that the quality of these components is invariant. Both new and
refurbished components must pass the same QA/QC procedures.

f. Packaging and Labeling

Offerors must define the packing procedures for shipment of the devices for
future clinical use. The package to be included with each device must contain
general information, operating instructions, precautions and descriptions of
all procedures and tests which have to be completed before device implantation.

Protocols for device sterilization must be defined and tests performed to
demonstrate the stated shelf life of the device and components (e.g., internal
and external power packs).

Recommended shipping and handling procedures must be described, including any
special precautions required to assure the safety and integrity of the device.

g. Mock Loop and Characterization of SvstemAPerforﬁagge-'

The operation of the system must be characterized in a mock circulation loop
under varied conditions with the intent of documenting the operational domain,
device parameters and limits of system performance. Test procedures should be
documented in sufficient detail, including the viscosity of the blood analog
and the test temperature, so that different investigators can achieve
substantially the same results with the same device and mock circulatory loop.
It is recommended that a mock loop be used for these tests having
characteristics equivalent to those described by a 1990 Artificial Heart
Committee (see Attachment 17).

The test procedures should cover both transient and steady state evaluation of
the TAH. Steady state performance evaluation should include three specific
points: (1) 8 L/min at 110 mm Hg average acrtic pressure; (2) 5 L/min at 100
mm Hg average aortic pressure; and (3) the maximum cardiac output that
corresponds to a left atrial filling pressure of 15 mm Hg and an average aortic
pressure of 120 mm Hg. For points ?1? and (2), the lowest filling pressure
consistent with the above output points should be utilized, the goal being a
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filling pressure just ahead of the left atrial inlet valve of 15 mm Hg or less
(right atrial pressure less than or equal to 10 mm Hg).

Transient operation defines the 'system response to rapid changes in beat rate,
stroke volume and systemic pressure. Transient operation test points should

" include: (1) varying the beat rate rapidly from 70 to 100 BPM and similarly
back to 70 BPM; and (2) rapidly changing pump flows by approximately 40%. The
parametric rate of change should be décumented.

Leakage across components that separate different fluids must be measured
periodically, including variable volume devices, pump bladders, and hydraulic
or Pneumatic lines. The total TAH system leakage rate should not exceed

10

cc/s at 30 Torr with SFg.

Device Readiness

The objective of the Device Read{ness Testing Program is to demonstrate that
the TAH can function safely, effectively and with a high degree of reliability.

1) Planned Reliabjlity and Documentation

Along with the Phase ! demonstration tests the developer shall document the
readiness of the TAH for the initiation of these tests. A plan outlining
achieved TAH reliability at a specified milestone, including planned number of
devices and success/failure criteria, shall be prepared. The in_vitro tests
shall demonstrate a reliability of at least 80% with 80% confidence. The
initial plan to demonstrate reliability must be provided in the proposal and
may include trade-off studies showing number of test devices and operating test
time .or test effort versus reliability and associated confidence levels. All
changes in the plan prior to initiation of reliability demonstration shall be
documented. No change may be made in the conduct of the plan without prior

approval of the NHLBI Project Officer.

2) Sample Size

Current knowledge of medical device reliability precludes accelerated testing
and suggests that the expected reliability be tested for the intended period of
use. For the purpose of this RFP, reliability testing is planned for 8 systems
with zero (0) failure for two years (80% Reliability, 80% Confidence Level).*
‘At least four of these systems will be recharacterized on the mock-loop and
disassembled for inspection and analysis. Therefore, the reliability,
including confidence level, should be extrapolated to five years of use.

Offerors may propose alternative experimental designs for
Device Readiness Testing to achieve the minimum 80%
reliability and 80% confidence levels.
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3) System Testing

Simulated use tests must be performed to establish the engineering reliability
of the implantable TAH system. These tests may be performed in vitro as
described in Attachment 18, or using an in vivo approach recently described for
muscle powered ventricles.** Specific guidelines for performing system
reliability tests are provided in this section, including test conditions,
parameters and a test plan. Systems undergoing reliability tests should
include all components. A finalized TAH prototype design must be established
before initiation of tests.  In preparation for device readiness testing in
Phase II, at least two hermetically sealed TAHs must be tested for

at least three months during Phase I.

High reliability for their period of use must be demonstrated for external and
periodically replaceable components, such as external batteries. Based on
sufficient engineering justification, this demonstration may be performed
separately from implanted system tests. _

a) Test Conditions

System tests should be conducted using mock loops with physiological
flows and pressures. System inputs should simulate those that would
normally be available in yivo. Positioning of the TAH in the mock loop
shall approximate its anticipated position in the standing human. The
tests should be conducted with all components at physiologic
temperatures (370C+10C), and the subsystems to be implanted should be
immersed -in a- bath of normal saline (0.15M NaCl). The test environment
should.be monitored on a regular basis and parameters documented.

Offerors must discuss methods of coping with contamination of the fluid
and chamber of the mock loop over the period of testing. The use of
blood in a mock loop is usually not feasible. However, the TAH may
perform differently when pumping blood as compared to other fluids.
Offerors must discuss this issue.

b) Test Parametérs

Systems should be operated at a mean aortic pressure of 100-~120 mm Hg,
and-a mean flow of 6-8 L/min for approximately 50% of the time. For
the remainder of the time, the system should be operated within the
flow and pressure ranges of 4-6§ L/min, 80-100 mm Hg mean aortic
pressure. The lowest filling pressure consistent with those
operational points should be used. Periodically, as per the test pian,
flow should be recorded, with mean outflow and inflow pressures
maintained at 120 and 15 mm Hg, respectively. Input current and power
must be continuously monitored.

**  Pochettino, A, et al. Skeletal muscle ventricles with improved
%gggmboresistance: 28 weeks in circulation. Ann Thorac Surg 53:1025-32,
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¢} TAH In Vitro Failure Criteria

If maximum TAH flow rates fall to less than 3.0 L/min over a period of
30 seconds with inflow pressures of 20 mm Hg and/or -if the TAH cannot
maintain a mean outlet pressure greater than 60 mm Hg, then it shall be
considered a system failure. If this reduced flow occurs for less than
a 30 second period but recurs more frequently than every 60 minutes,
this shall also be considered a failure.

4} Monitoring: Progress and Event Reporting

During reliability testing in Phase II, each TAH will be monitored
continuously for a set of parameters which characterize status and
performance, e.g., inflow and outflow pressures, input current and power,
output flow rate. Events will be communicated immediately and
automatically, in real time, to the NHLBI Program Office. Weekly status
reports to the Program Office will include performance data on selected

parameters.

§) Post-Reliability TAH Evaluations

TAHs removed from reliability testing shall be examined, inspected, and
analyzed with regard to system performance and integrity. Examination and
documentation of mechanical electrical, electronics (including software),
and physiochemical integrity of all components shall be performed on all
system components. A detailed failure mode and effects analysis shall be
performed to determine the root cause for all failed components.

i. In Vivo Characterization

Animal implant studies should be designed to demonstrate TAH performance in
vivo. Device reliability should be demonstrated separately by in vitro tests,
using guidelines described above.

The consistent response of the TAH to various physiologic and transiently
unphysiologic states must be demonstrated in vivo in at Jeast six (6) studies
with the TAH in its finalized prototype configuration. Six individual systems
must be evaluated during various steady state conditions over a reasonable
range of physiologic variables, and during transient unphysiologic conditions.
These studies are intended to establish the range of responses of the devices
and to demonstrate the reproducibility of responses from device to device.
Studies may be performed in acute or chronic anital experiments.

1) Operating conditions to be evaluated include: control modes, power system
(internal and external, including charging and switching system) start-up
sequence, and back-up mode of operation.

2) The ranges of steady state physiologic conditions include: Heart rate (60-

120 beats per minute), arterial pressures (60-120 mm Hg), pump flow (4-8
L/min), left ventricular end-diastolic or atrial pressure (0-15 mm Hg).
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3) A variety of conditions will be evaluated by changing preload, afterload, ‘
rhythm, and various states of ventricular failure. These conditions may be'
induced by volume load and unloading, by the use of drugs or by surgical
intervention. They must be demonstrated in at least six experimental
animals. These studies are intended to identify the limitations of the
system.

Je Chroni; In Vivo TAH Performance

The proposal must include a discussion of animal models, justification of the
choice of a specific model, projected realistic test time for an implanted TAH
in that model, and the specific aims which are expected to be achieved from
these tests.

In Phase I, two hermetically sealed TAHs must be evaluated in animals over at.
least a two month period. ODuring Phase II, reliable operation of the TAH in
its final prototype configuration, and evidence of safe operation with minimal
adverse effects on the experimental animal, must be demonstrated in a series of
chronic five-month animal studies. Even though the in vitro studies may
qualify the design for initially two and eventually five years of clinical use,
Timitations presently imposed by animal models are such that requirements for
animal studies in excess of five months duration may not be realistic. All
animal studies must conform to DHHS policy on animal experimentation as
explained in Attachment 19. In order to qualify for clinical use of the TAH,
the following studies must be performed during Phase II:

1) Chronic studies shall be undertaken in at least eight animals but no more
than twelve animals.

a) Eight (8) animals shall be studied with acceptable TAH function for
five months (mean) of continuous pumping. The goal is to complete at
least 40 animal-months of testing, with each animal completing a
minimum of four months.

b) Up to three (3) experiments can be terminated prior to four months due
?oigailures unrelated to the TAH and one experiment with a TAH related
ailure. : .

c) These non-TAH related exclusions are of biological origin and include
infections, accelerated calcification or physical growth which are more
directly a consequence of the specific animal model. If the TAH
delivers less than 2.0 L/min pump flow, or if other complications arise
and continue despite all corrective efforts, the test shall be
terminated.

d) - A1l animals, excluding operative deaths, are to be included in the
number of experiments above. Operative deaths are defined as animal
deaths not traceable to TAH function occurring within 48 hours of the
implant procedure.

2) The general condition of all animals is to be evaluated. In addition,
appropriate hematologic, microbiologic, clinical chemistry and circulatory
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parameters are to be measured to determine whether there are hazardous
consequences due to the TAH implantation. Therapeutic regimens must be
detailed.

3) It is necessary to document the proper function of the TAH during the
course of the experiment (including during exercise). Oocumentation of
pump flow, power consumption, and leakage rate across the variable volume
device {if part of the design) is essential. Leakage rates should be
measured across other membranes which separate different fluids, such as
the pump bladder.

4y A1l animals (including early terminations) must have a complete autopsy
including both gross and microscopic examination. Particular attention
shall be paid to the anastomotic connections of the TAH to the
cardiovascular system, to evidence of thromboembolic events and evidence of
thermal damage in tissue adjacent to the TAH.

5) Biweekly reports shall be transmitted to the NHLBI Program Office regarding
animal status. The reports will include the hematology profile,
prothrombin time, and antithrombotic regimen for each animal with an
implanted TAH.

k. Post-Explant TAH Evaluatigns

Each post-explant TAH shall be examined and documented in detail regarding
system performance and component integrity.

1)

2)

Each TAH subjected to chronic studies shall have proper fixation of the
blood contacting surface upon explanation for histopathological
analysis. Internal pump surfaces including conduits and valves shall
be examined both macroscopically and microscopically.

The pathology protocol used to evaluate the host-device interactions,
in addition to specifying the standard gross and microscopic
examination techniques to be used, should specify in detail any special
additional studies that are planned. For example, an investigator
could propose studying the local and/or systemic effects of tissue
heating or vibration. Retrijeval techniques for implanted materials and
preservation of retrieved materials should be fully addressed. The
implant must be retrieved and evaluated for its interaction with blood
and tissue components. The manner in which the implant is preserved
should maximize the possibility for future additional studies.
Evaluation of the retrieved implant might include qualitative and
quantitative description of the biological components adherent to the
TAH (pump housing, bladder, valves) or which have penetrated the bulk
of material (for example, lipids or calcium in a bicod pump bladder).

Examination and documentation of mechanical, electrical, electronic and
physiochemical integrity of all system components including software,

.shall be performed.
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4) A detailed failure mede and effects analysis shall be performed on all
failed components.

Summary of Contract Deliverable Items

(1)

Phase 1

Phase I accomplishments will be a major factor in determining which contractors will
receive funding for Phase II. These demonstrated accomplishments must include, as a

minimum:

A TAH design for five year life.

Two hermetically sealed TAH systems tested in_vitro for at least three (3)
months.

Two hermetically sealed TAH systems evaluated in animals over at least a two
(2) month period. ‘

A completed test fixture appropriate for performing device readiness testing
for at least two TAH systems.

A Quality Control and Quality Management program in piace.

One completely operational TAH syStem to NHLBI, packaged and labelled.

(2) Phase II
Deliverables required at the end of Phase Il include:
" A minimum of eight hermetically sealed TAH systems in their final
“clinical® configuration tested over at least a two year period in
vitro, and/or in_vivo with no failures.
A minimum of 40 animal months of operation of implanted hermetica!iy sealed TAH
systems in eight animals, achieving at least four months duration in each
animal. - :
One complete operational TAH system to NHLBI, packaged and labeled.
There is considerable overlap in the tasks which are required for Phases I and
iI. bThe table below summarizes-requirements with references to sections a thru
, above:
Phase I . Phase 11
a. Performance Goals X X
b. Human Factors X X
c. Design Reliability; Animal Performance X X
d. Design, Manufacturing Documentation X X
e. QCaQM X X
f. Packaging X
g. Mock Loop and Characterization X X
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Device Readiness X

h.

i. In Vive Characterization X

i Chronic In Vivo Performance X
k. Post-Explant Evaluation X X

SCOPE_OF WORK
Independently and not as an agent of the Government, the Contractor shall furnish
all the necessary services, qualified personnel, material, equipment, and
facilities, not otherwise provided by the Government as needed to perform the
- statement of Work below:

PHASE I--October 1, 1993 through September 30, 1996

Task 1. Desian

1. Using Quality of Life as the guiding factor, a reliability-based TAH design
shall be developed that addresses quality, surface integrity, corrosion,
control, software, flow, performance, materials, tissue and blood contacting
surface configuration, biocompatibility, environmental compatibility,
hemolysis, thrombcemboiism, intimal hyperplasia, infection, and manufacturing.
Manufacturing design shall address computer aided reliability, process
modeling, and systems engineering. The design model must be based upon five
years of failure free life. It shall be updated and modified based upon test
data and reported results.

a) Blood Pump

The contractor shall complete research, development, and evaluation of the
blood pump component of the TAH. This effort includes fabrication and
development of individual elements. Areas of study include, but are not
limited to, materials evaluation and selection, bladder development and
testing, inlet and outlet valve configurational studies, improved grafts,
pump and housing development, hemecdynamic studies, biologic studies,
corrosion studies, and life testing of all components. Where appropriate,
accelerated component life testing shall be performed to complement the
real time testing. Manufacturability under QC&QM shall be demonstrated.

b) Energy System

The contractor shall complete development of the energy system selected to
actuate and control the blood pump chambers. This effort includes in vitro
characterization testing, component accelerated Tife testing, real time
life testing, and energy system optimization studies. Manufacturability of
this subsystem under QC&QM shall be demonstrated.

c) System Integration

Under QC&QM, the contractor shall integrate each element of the system into
a TAH. Typical components included are the blood pump, energy converter,
variable volume mechanism, power conditioning hardware and software,
external and internal power sources, and diagnostic instrumentation.
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Appropriate interface studies, which include both hardware and software
testing of the electrical, mechanical, and chemical integrity of the entire
TAH must be completed. System integration and optimization studies shall
address areas such as the anatomical location of the TAH, thermal
management, control modes, orientation effects, variable volume mechanism,
and manufacturability.

Task 2. Quality of Life

An estimate shall be made of the expected Quality of Life based on actual
performance of the TAH. Indices of Quality of Life shall be enumerated, modified,

and finalized,

Task 3. Quality Control and Quality Management (QCaQM)

The contractor shall develop and implement a program for Quality Control and Quality
Management which includes all phases of manufacturing, procurement of components,
assembly, testing, and post-test evaluation of the TAH. The contractor shall have a
discrepancy reporting system, configuration control of the TAH design, and a
procedure for incorporating any medifications which are introduced during the design
or testing phases. The program shall involve subcontractors and alternate sources.
The program, including human resource development, shall be updated and evaluated
pericdically as necessary based on test or other information. The ISO 9000
International Standard or equivalent will be employed.

Task 4. Documentation

The contractor shall develop a plan and shall provide documentation for all phases
of design, production, and evaluation of the TAH. The preparation of design and
manufacturing documentation shall be completed to meet FDA requirements.

Task S. System Fabrication_and Manufacturing

This task includes the fabrication of systems to meet development and testing
requirements. Demonstration of system manufacturability, including raw material
processing, workpiece fabrication, joining and assembly, test and inspection, and
machining and tooling technologies, shall be completed. One operational system
shall be delivered to NHLBI at the end of the Phase I contract period of
performance.

Task 6. Test Equipment Fabrication and Documentation

All test equipment and test fixtures, including hardware and software, to be used
for testing and evaluation shall be identified. Documentation shall be provided
regarding the accuracy and precision of the test equipment. At least two fully
operational test fixtures intended for use during Phase II device readiness testing
must be completed by the end of Phase I.

Task 7. In Vitro Testing

TAHs shall be tested in mock loops (laboratory and/or animal) to verify performance,
using at’ least two fully operational and independent TAH systems over a perijod of at
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least three months each. The TAHs shall be hermetically sealed and leakage
measurements will be made for components such as bladders, variable volume devices,
and hydraulic chambers. These tests shall simulate physiological envircnments as a
prelude to Device Readiness Testing.

Task 8. Animal Testing for In Vivo Characterization

Animal experiments shall be performed with implanted TAHs. A major goal of this
task will be to achieve two month survival in two animals, each supported with an
implanted hermetically sealed TAH. The TAH shall be configured to conform to its
ultimate configuration as a "clinical" system. Leakage rates of fluids shall be
determined for components such as pump bladders, variable volume devices, and
chambers containing hydraulic or other nonphysiologic fluids. The overall leakage
rate of the implanted TAH shall be determined for each animal study.

Task 9. BioToqica1 Effects

The contractor shall perform studies to determine biological and physiological
effects on animals with implanted TAHs for both acute and chronic experiments, and

shall provide documentation of these effects.

Task 10. Anatomical Studies

The geometric suitability of intracorporeal components shall be determined using
human cadaver fittings. The positioning of the TAH must be ascertained as feasible
and as adaptable to such positional changes as may be expected in a mobile patient.
The contractor shall demonstrate the TAH application in a range of cadaver sizes and
extrapolate the sizes of living humans in whom the TAH would be appropriate.

‘Task 11. Device Retrieval and Evaluation

The contractor shall develop a plan, provide documentation, and implement device
retrieval and evaluation after explanation from animals.

Task 12. Failure Mode and Effects

The contractor shall develop a plan and documentation for evaluating failure modes
and making root cause determinations, and shall perform such evaluations for
failures which occur during various phases of fabrication, assembly, manufacturing,

and testing.

- Task 13. FDA Requirements

The contractor shall develop and implement a program for interactions with FDA
regarding manufacturing and testing practices as a prelude to preparation and
submission of an application for an Investigational Device Exemption (IDE).

Jask 14. Reports and Technical Data Packages

Quarterly, annual, and final technical reports shall be prepared. Financial
reporting will also be required. In addition, a technical data package shall be
Prepared which fully documents the TAH design, incliuding engineering drawings.
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Scientific papers appropriate for publication in refereed journals are anticipated.
The contractor shall collaborate with other contractors and the NHLBI in these
efforts. :

Task 15. Meetings

The contractor shall meet periodically with other contractors and NHLBI staff to
interchange information regarding research findings and progress. Meetings with
staff shall be scheduled at least twice annually, on site and at the National
Institutes of Health in Bethesda. It is anticipated that areas of mutual interest
will be identified during these meetings and that cooperation and collaboration
among contractors will be recommended by NHLBI.
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pHASE I1--October 1. 1996 through September 30, 2000

Tgsk 1. Common Protocol Development

In vitro and in vivo protocols shall be developed and finalized to test and evaluate
the TAH. This task shall be performed in cooperation with the Government Project
officer and other NHLBI selected contractors in this program. [t is anticipated
that this effort shall require six to nine months to complete.

Task 2. Qualitv Control and Quality Management

The contractor shall continue implementing the program developed in Phase I, with
modifications as necessary.

Task 3. Documentation

The contractor shall provide documentation for all phases of design, production and
evaluation of the TAH. The FDA Good Manufacturing Practices will be observed.

Task 4. System Fabrication and Manufacturing

As in Phase I, and using Quality Control and Quality Management procedures, TAH
systems shall be fabricated to meet the demands of in vitro and in vivo evaluations.
One operational system, packaged and labeled, shall be delivered to NHLBI at the end
of the contract period.

‘Task 5. Device Readiness Testing

TAH reliability shall be established by testing hermetically sealed systems in their
final configuration in mock test loops. As per the protocol developed in Task 1,
TAHs shall be tested to establish, as_a minimum, 80% reliability with 80%
confidence, over a_minimum period of two vears xeal time festing. A monitoring
system shall be implemented to provide information on a timely basis to NHLBI
regarding problems and progress during testing.

Task 6. JAH Performance in Chronic Animal Experiments -

AH performance shall be evaluated in animals with hermetically sealed implanted
systems confiqured for “clinical” use, as per the protocol developed in Task 1. At
least 40 aaimal months of failure free operation shall be demonstrated in gight
animals for ap average of five (8) months.with a minimum of four . No
more than twelve _ani 1 111 for this set of experiments, one of Which
may be exClu ice , ‘ e terminated due
failuyres—unrelated to the TAH. A monitoring system shall be implemented to provide
;?fgrmation on a timely basis to NHLBI regarding problems and progress during animal
udies.
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Task 7. Biological Effects

‘The contractor shall perform studies to determine biological effects on animals with
implanted TAHs for all animal experiments, and shall provide documentation of these

effects.

Task 8. Device Retrieval and Evaluation

The contractor shall implement and document device retrieval and evaluation after
explantation from animals in accordance with the protocol.

Task 9. Failure Mode Analyses and Corrective Action

The contractor shall document failures and failure mode analyses for failures which
occur during fabrication, assembly, manufacturing, and in vitro and in vivo :
evaluations. Root cause determinationm shall be performed. Restart, redesign,
retooling, corrective action, or new verification studies of TAH design shall not be
initiated prior to receipt of written authorization from the Contracting Officer.

Task 10. FDA Reguirements

The contractor shai] continue interactions with FDA regarding manufacturing and
testing practices.

Task 11. Reports and Technical Data Packagées

Quarterly, annual, and final technical reports shall be prepared. Financial
reporting shall also be required. In addition, a technical data package shall be
prepared which fully documents the TAH in vitro and in vivo evaluations.

Scientific papers appropriate for publication in refereed journals are anticipated.
T?g contractor shall collaborate with other contractors and the NHLBI in these
efforts. '

Task 12, Meetings

The contractor shall meet periodically with other contractors and NHLBI staff to
develop protocols and exchange research and evaluation information. During protocol
development in the first year of Phase II, four (4) meeting are anticipated.
Meetings shall be scheduled at least twice annually thereafter, on site and at the
National Institutes of Health in Bethesda. Contractors may cooperate and
collaborate with one another in certain areas, as recommended by NHLBI. -
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Long-Term Mechanical Circulatory Support System
Reliability Recommendation

American Society for Artificial Internal Organs and The
Society of Thoracic Surgeons: Long-Term Mechanical
Circulatory Support System Reliability Recommendation

George M. Pantalos, Frank Altieri, Alan Berson, Harvey Borovetz, Ken Butler,

Glenn Byrd, Arthur A. Ciarkowski, Rosalie Dunn, O. Howard Frazier, Bartley Griffith,
David W. Hoeppner, Jal S. Jassawalla, Robert H. Kormos, Robert T. V. Kung,

Bette Lemperle, Jeffrey P. Lewis, D. Glenn Pennington, Victor L. Poirier,

Peer M. Portner, Gerson Rosenberg, Rhona Shanker, and John T. Watson

Jointly developed by members of the American Society
for Artificial Internal Organs and the Society of Thoracic
Surgeons along with staff from the Food and Drug
Administration, the National Heart, Lung and Blood
Institute and other experts, this recommendation de-
scribes the reliability considerations and goals for Inves-
tigational Device Exemption and Premarket Approval
submissions for long-term, mechanical circulatory sup-
port systems. The recommendation includes a definition
of system failure, a discussion of an appropriate reliabil-
ity model, a suggested in vitro reliability test plan,

he clinical use of mechanical circulatory support
devices in the clinical setting of bridging to cardiac
transplantation has steadily increased in recent years. As
the number of applications, duration of support, and
confidence in the devices have increased, rehabilitation
programs for circulatory support device recipients have
been initiated. The availability of wearable controllers for
some of the devices has prompted the development of
patient discharge protocols allowing some patients to live
away from the hospital with their families while awaiting
cardiac transplantation.

The clinical experience with bridging patients to car-
diac transplantation has been sufficiently favorable to
point towards the potential use of a long-term mechani-
cal circulatory support system for the treatment of end-
stage heart disease as an alternative to transplantation
(ATT} in the near future. In the ATT scenario, qualifying
end-stage heart disease patients who are not candidates

From the ASAIO-5TS Long-Term Circulatory Support Svstem Reliability
Working Group Recommendation.

Reprint requests: Dr Pantalos, PhD, Artiticial Heart Research Laboratory,
Institute for Biomedical Engineering, University of Utah, 803 North 300
Wesl, Salt Take City, U1 84103-1414

Published by Elsevier Science Inc
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reliability considerations for animal implantation tests,
in vitro and animal in vivo performance goals, the
qualification of design changes during the Investiga-
tional Device Exemption clinical trial, the development
of a Failure Modes Effects and Criticality Analysis, and
the reliability information for surgeons and patient can-
didates. The document will be periodically reviewed to
assess its timeliness and appropriateness within five
years.

(Ann Thorac Society 1998;66;1852-9)

for a biological donor heart may choose to receive an
implantable ventricular assist or total artificial heart
system.

In an effort to anticipate the regulatory requirements
for jong-term, mechanical circulatory support systems,
the American Society for Artificial Internal Organs
{ASAIO), in collaboration with the Society of Thoracic
Surgeons (STS), assembled a working group of experts in
the field of long-term mechanical circulatory support to
formulate a recommendation to the U.S. Food and Drug
Administration (FDA) on the reliability goals for these
systems. The group was charged to propose long-term
blood pump reliability criteria to the FDA that are (1)
appropriate for device evaluation review, (2) realistically
achievable by device developers, and (3) defensible by
the FDA to the Congress. The group’s purpose was to
formulate a recommendation identifying what reliability
information, generated during the preclinical in vitro and
animal testing and in the dinical trial, could be used in
determining a reliability evaluation of these systems for
Investigational Device Exemption (IDE) applications and
subsequent Premarket Approval (PMA) applications.
The working group was comprised of reliability experts
and biostatisticians, along with representatives from the
National Heart, Lung and Blood Institute and FDA, as
well as from industry, academia and clinicians, all with

0003-4975/98/$19.00
PI S0003-4975(98)01164-3
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expert knowledge of these devices, their development
and clinical use.

The efforts of the working group have resulted in a
recommendation that encompasses in vitro system reli-
ability performance, animal and clinical system perfor-
mance, qualifying design changes needed during the IDE
clinical trial, development of a Failure Mode Effects and
Criticality Analysis (FMECA) for the blood pumping
system, and system reliability information for implanta-
tion by surgeons and patient candidates. This recommen-
dation does not make any delineation between the reli-
ability goals for “first-generation” devices, thatis, devices
based on technological development during the 1970s,
and newer, innovative blood pumps developed during
the 1980s and beyond.

It is the intention of the working group that these
recommmendations serve as guidelines or goals for the
development, testing and evaluation of long-term circu-
latory support systems. However, it is also expected that
device development programs may need to deviate from
these recommendations. These deviations will require
supporting data to substantiate their arguments and
rationale. It still remains for the FDA to make the final
determination as to the acceptability of proposed study
designs, test standards, protocols, and interpretation of
results. Anticipating the new knowledge to be gained
once long-term clinical trials have been initiated and the
need to address new regulatory requirements, the work-
ing group intends to periodically reconvene to address
the usefulness and appropriateness of the current recom-
mendation, and propose revisions to the recommenda-
tion when deemed necessary.

1. General Requirements

1.1 Definition of a Long-Term, Mechanical Circula-
tory Support System
A long-term, mechanical circulatory support sys-
tem is a system intended to support the circula-
tion for an extended period of time beyond that
usually anticipated for the recovery of myocardial
function. The system is comprised of the blood
pump and all other pieces of hardware and soft-
ware necessary for system operation. A long-term,
mechanical circulatory support system may pro-
vide single or biventricular support (e.g., a ven-
tricular assist device), total cardiac replacement
{e.g., a total artificial heart), or other innovative
methods to provide circulatory support. These
systems may be used as, but are not required to
be, an alternative to cardiac transplantation.
Definition of System Failure
1.2.1. A failure is defined as the termination of the
ability of an item to perform a required
function (British Standard 4778) or the in-
ability of the device or any of its compo-
nents to meet performance specifications
(21 CFR 820.162).
All failures should be classified into one of
the following four categories:
a) Catastrophic Failure: a failure resulting in

1.2

1.2.2.
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complete loss of the capability of the
system to perform its primary func-
tion(s). A failure that occurs without suf-
ficient warning, resulting in serious in-
jury (an injury with a high likelihood of
permanent loss) or death.
Critical Failure: a failure of the system to
perform safely as stated or implied.
Without intervention, the failure will re-
sult in serious injury or death.
¢} Marginal Failure: a failure that compro-
mises a safety backup system, or the
system fails to a fail-safe state. A failure
that results in reduced system capability
or causes minor injury.
d) Minor Failure: a failure that necessitates
unscheduled maintenance or results in
cosmetic damage to the system; or a
failure that is not serious enough to
cause injury.
1.3. Failure Reporting
A failure reporting, analysis, and corrective action
system (FRACAS) should be in place during all
phases of testing and evaluation (e.g., in vifro, in
vivo, and clinical trial). All failures should be
recorded including failures for which there is
built-in redundancy and failures of extracorporeal
subsystems or components that are part of the
entire system, regardless of their criticality or
failure category, and appropriate analysis and
corrective action taken. Any failure that occurs
where corrective action is not assessed to be
required must be identified and the decision for
no corrective action must be justified.
1.3.1. FRACAS documentation and procedures
should include the following:
a) A description of the failure,
b) When the failure occurred,
¢) Cause, circumstances and relevance of
the failure,
d) Duplication of the failure, if possible,
e) Clinical impact of the failure,
f) Identification of the failure mode,
g) ldentification of the corrective action,
h) Evidence that the corrective action ad-
dressed the cause of the failure and did
not create any new problems in the de-
vice design,
i) A statement whether the corrective ac-
tion was incorporated
j) A summary of the actions taken to pre-
vent recurrence of the failure in other
devices (e.g., retrofit, Engineering
Change Order).
k) Reconciliation with the FMECA (See
Section 5).
1.4. Reliability Model and Sample Size
1.4.1. The Weibull model is a good choice for
reliability work because its distribution pa-
rameters can be adjusted to fit many system

b

~
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life distributions [1]. A common first as-
sumption is a shape parameter, 8, of 1. For
this case, the Weibull simplifies to the ex-
ponential reliability function (constant fail-
ure rate) with a mean life equal to the mean
time to failure (MTF) or mean time between
failures (MTBF) for repairable systems.
From actual failure data, a shape parameter
can be calculated that may provide a better
mode] for estimating the system reliability.
A minimum test sample size should be
chosen based on a reliability test plan that
provides an acceptable level of patient pro-
tection. It should not be chosen solely on
the number of systems needed to achieve
soime minimum level of reliability and con-
fidence level. Reliability test plans do not
make assumptions about the life distribu-
tion of the device. A reliability estimate
based on the Weibull model or any other
system life distribution does. The assump-
tions regarding the parameter(s) of the dis-
tribution may or may not be representative
of the true life distribution of a particular
device or system. Furthermore, the reliabil-
ity model may not appropriately account for
sampling errors. Conversely, the operating
characteristic (OC) curve of a reliability test
plan shows its discriminatory power (e.g.,
smaller sample sizes are associated with a
higher risk of a false conclusion for a given
minimum system reliability goal). There-
fore, the minimum number of systems
tested should also depend on the risk asso-
ciated with the test sample size. To assess
this risk, one should examine points of
interest along the OC curve of a reliability
test plan. This is analogous to determining
the statistical power of a test and therefore
should be repeated for the test outcome at
the period of intended use.

Based on Section 1.4.2, past device reliabil-
ity test experience, and given consideration
for the costs associated with building and
testing mechanical circulatory support sys-
tems, the minimum in vifro test sample size
should be 8 systems and the probability of
acceptance (Type 11 error) should be
=0.20% or a true system reliability of =80%.
More systems will reduce the likelihood of
inaccurate results, but the costs may be-
come prohibitively high.

1.4.2.

1.4.3.

2. In Vitro Characterization of System Reliability Perfor-
_mance
2.1. In Vitro Test Environment

The test circuit conditions should simulate normal
and “worst case(s)” physiologic conditions that
have been derived from the device characteriza-
tion testing and known pathologic situations.
These conditions will vary depending on the de-
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sign of the device. However, all conditions chosen
must be justified in relation to the specific device
design, the intended patient population (e.g.,
adult or pediatric), and anticipated clinical use.
2.1.1. Variables to consider in the design of the

mock loop and the selection of test condi-

tions include the following [2]:

a) Systemic vascular resistance,

b) Pulmonary vascular resistance,

¢} Systemic arterial compliance,

d) Pulmonary arterial compliance,

e) Systemic venous compliance,

f) Pulmonary venous compliance,

g) Leftinlet or left atrial pressure,

h) Right inlet or right atrial pressure,

i) Left outlet or aortic pressure,

) Right outlet or pulmonary artery pres-

sure,

k) Flow rates.
. The test fluid should be normal saline (0.9%
NaCl). It is easy to work with yet it simu-
lates the corrosive nature of blood. The
parameters of the mock loop can be ad-
justed to compensate for the flow dynamics
of saline as opposed to blood (i.e., viscosity),
which may be essential for the appropriate
testing of a particular blood pump system.
The justification for these adjustments
should be provided by the sponsor.
The test temperature should be the normal
body temperature of 37°C * 3°C.
Test Operation Profile
The device operation should be cycled to simulate
periods of normal activity, exercise and rest, as
appropriate. Test conditions (e.g.,, cycling inter-
vals and flow rates) should be individually justi-
fied by the sponsor based on their device and its
intended use.

2.1.3.

. In Vitro Reliability Goals

The following information and goals are recom-

mended for the IDE submission evaluation of

long-term mechanical circulatory support sys-
tems:

2.3.1. Prior to starting the in vifro reliability test-
ing, the system under test should be clearly
defined by the Sponsor.

. The Sponsor should provide test data that

demonstrate a calculated 80% reliability

with at least 60% confidence for a 1.0 year
mission life for all systems tested. The reli-

ability demonsiration test should include a

minimum of & systems that run for at least

1.0 year prior to initiating the IDE clinical

trial.

To assess the entire life distribution, partic-

ularly wearout of the system, once the clin-

ical trial has been initiated the Sponsor
should consider running some systems to
failure with reports of test progress being
filed in the annual report to the FDA, in-

23.3.



Ann Thorac Surg
1998;66:1852-9

cluding reports of all device failures as de-
fined in Section 1.2. The other systems
should be examined for wear and degrada-
tion to gather information for design im-
provement.

. A complete summary and analysis of the
reliability demonstration results should be
provided with all calculations and assump-
tions.

3. In Vivo Characterization of System Performance

3.1.

L d

[

*

.

* ®

IDE Performance Goals
Animal testing provides a reasonable simulation
of the clinical application, enabling preclinical
characterization of system performance in an in
vivo environment. Although the purpose of the
animal testing is to obtain physiologic data, it also
provides system reliability data. This section only
addresses those aspects of animal testing that are
relevant for reliability assessment, in vivo.
3.1.1. An IDE submission should include docu-
mentation of continuous system operation
of the device designed to be used for the
clinical trial in a minimum of 8 animals for a
duration equal to or greater than 90 days
prior to the initiation of the IDE clinical trial.
It should be pointed out that additional
animal studies should have been conducted
previously to answer specific questions
about the suitability of the design (e.g.,
implantation procedure, seal integrity, etc.).
The following questions should be consid-
ered when designing animal tests:
Does the system meet performance specifications
in chronic experiments?
Does the system operate over the range of phys-
iologic conditions anticipated in clinical use? Tests
should include treadmill exercise and challenging
conditions (acute evaluation).
Does the system perform satisfactorily when eval-
uated over its range of performance characteris-
tics (e.g., in different operating modes such as
synchronous counterpulsation, fixed rate, or fill-
to-empty)?
Does the system withstand the stresses present in
the biologic environment, particularly at the sub-
system interconnections, imposed by the host
animal?
3.1.3. Prior to starting the in vive studies, the
following should be clearly defined:
The system under evaluation: all components of
the system including valves, conduits, and exter-
nal components must be tested.
The animal model.
The range of physiologic conditions over which
the system will be tested.
The system performance characteristics to be
evaluated and include the rationale for their se-
lection.
The conditions under which experiments are elec-
tively terminated.

3.1.2,
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*

.

Anticipated medical care protocol.

The animal study endpoints, taking into consid-

eration the questions to be answered by the ani-

mal experiments (e.g., device associated thrombo-
sis and its consequences).
Note that the use of backup systems is acceptable
for systems designed to permit the exchange of
external components. Reliability estimates
should account for the use of redundancies in
the system during the test.
3.1.4. The sponsor may elect to terminate the
long-term tests as soon after 90 days as
possible so that there is test duration con-
sistency in the observations of component
wear, adverse events, and necropsy find-
ings. The sponsor may also elect to conduct
acute performance characterization studies

just prior to the sacrifice of chronically im-

planted animals.

A test monitoring protocol must be pre-

pared that:

Quantifies system performance, including peri-

odic measurement of pump output.

Measures appropriate system and subsystem pa-

rameters (e.g., pump rate or RPM, pump output,

stroke volume) to show that the system operates
satisfactorily when evaluated over its range of
performance characteristics.

Assesses the nature, extent and consequences of

adverse biological events.

Measures appropriate physiologic parameters

such as pressure and flow, to show that the system

operates as designed over the range of physio-
logic conditions expected clinically.

3.1.6. The cause of death must be identified in all
terminations, with a supporting pathology
report and explant retrieval analysis. If due
to device failure, analyze as per Failure
Reporting (Section 1.3).

. A detailed device retrieval protocol must be
provided and followed for all explants, in-
cluding {3]:

In situ and explant photographic documentation.

3.1.5.

¢ A protocol for device explant and subsequent

engineering analysis by manufacturer and devel-
oper.

4. Guidelines for Qualifying Design Changes

41.

Reasons For Device Changes

Clinical trials undertaken to establish the safety
and effectiveness of a device are designed to
accommodate needed device changes resulting
from the investigation. There are many valid rea-
sons to make modifications to an existing design
based on the findings of clinical trial, a laboratory
trial, or a theoretical analysis. It is up to the
manufacturer to determine the specific qualifica-
tion process. These modifications may be imple-
mented for the following reasons:

¢ Improves safety, efficacy and performance.

L ]

Corrects an inadequate design.
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Is responsive to investigator or patient needs and
preferences.
Is compatible with existing systems, devices, stan-
dards, environments, etc.
Improve manufacturing, reduces cost or improves
yields.
Replaces an obsolete component.
Meets requirements of other regulatory bodies
(i.e,, TUV Product Services).
Meets company goals and other business consid-
erations.
It is the responsibility of the sponsor to qualify
the design changes to establish that they are
equivalent to, or better than, the existing de-
sign. The qualification process consists of de-
veloping a protocol to establish the confidence
through appropriate testing that the proposed
change meets all requirements. Protocols
should address the following topics:
4.1.1. Purpose
A clear and concise justification for carrying
out the proposed modification should be
made.
4.1.2. Design Change Description
A comprehensive description of the pro-
posed design change(s) and the corre-
sponding specifications for the design
change(s) should be made.
4.1.3. Scope
Define the scope of the investigation, stat-
ing the additional testing and data to be
collected to qualify the new design. If the
modification is made in response to a fail-
ure, then the failure type and mode should
be determined in an effort to justify the
planned change [see Section 1.3]. Modifica-
tions and testing programs must be based
on sound scientific rationale, historical data
and engineering analysis. When appropri-
ate, FMECA, hazards analysis as well as
software validation should also be per-
formed. The degree of testing required to
validate a modification will vary greatly
depending on the magnitude of the change.
Testing may be required to requalify a ma-
terial, which will necessitate additional bio-
logic testing, or it may require only labora-
tory testing. The burden of proving the
design change to be safe and effective falls
on the sponsor. However, if significant test-
ing is anticipated, FDA review prior to ini-
tiation of testing is advisable.
4.1.4 General Requirements
This section will establish the logistical pro-
cedures to be used to carry out the qualifi-
cation, for:
Safety precautions.

¢ Personnel assignments.
¢ Environmental concerns.
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¢ Qualification requirements.
¢ Definitions.

4.1.5. Materials and Equipment
Specific materials and equipment require-
ments must be specified.

4.1.6. Reference Documents
All travelers, drawings, and all documents
necessary to carry out the qualification must
be identified.

4.1.7. Sample Size
The sample size should be established us-
ing statistical and power calculation meth-
ods to assure that results of the test program
will yield a meaningful assessment of the
consequence of the désign change.

4.1.8. Procedures
The specific steps to be carried out during
the qualification must be identified. The test
sequence should address the conditions
that generated the change, as well as the
theoretical worst-case challenge conditions.
If necessary, testing should include compar-
ing the current design with the modified
design as a means to demonstrating that the
modification meets the revised design spec-
ification. Also, testing should demonstrate
not only that the modification is appropriate
and addresses the reason for the change,
but also that the modification is adequate,
that is, it does not adversely affect the func-
tion and performance of the rest of the
design. The criteria for success must be
established and justified before testing is
initiated.

4.1.9. Results
A comprehensive final report must be pre-
pared. All traceability of materials, pro-
cesses and inspections performed must be
recorded. All testing procedures, results,
and evaluation reports performed by out-
side vendors are to be included. Any devi-
ation from the procedure should be dis-
cussed and justified.

4.1.10. Appendix

The Appendix includes complete data
sheets, device history records, references,
etc.

5. Development of FMECA for Blood Pumps Systems for
1DE and PMA Devices
5.1. Goals for an FMECA

The Failure Mode, Effects and Criticality Analysis
(FMECA) consists of ordetly procedures imple-
mented early in the design phases of a project in
order to minimize and eliminate potential failure
modes of a system. The goals are to identify
potential failure modes, assess the failure proba-
bility, classify the severity of the failure, and
identify critical component failures that would
significantly affect system performance. These
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analyses lead to corrective actions which, when
implemented during the system design and com-
ponent testing phases, can maximize the proba-
bility of the success of the final system.

All failure modes, regardless of whether they
are included in the reliability analyses, should be
classified into a severity category defined in Sec-
tion 1.2.2 and handled in accordance with the
Failure Reporting requirements of Section 1.3.

It is important to institute a FMECA during the
development phase of a project. This casts the
design and analysis in a frame of mind which not
only considers the functionality of a device, but
also addresses the reliability issues which will
ultimately impact the intended usefulness and
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mechanical systems will eventually wear
out and will need to be replaced or they will
fail.

. Statement that device repair and/or re-
placement is possible under what condi-
tions other than catastrophic device failure
it will be considered (e.g., engineering end
of life), and the anticipated frequency. Pa-
tients should be informed that external
components may only require maintenance
and repair, whereas surgical intervention
may be required when internal components
fail. Further, patients should be informed
that episodes of component malfunction
may occur which may not require interven-

safety of a device. tion.
L . . 6.1.7. Statement of cautions/limits of physical ac-
6. System Reliability Information for Implantation Sur- tivity.
geons and Patient Candidates 6.1.8. Statement that the device is not intended as

6.1. IDE Informed Consent Form

The purpose of the informed consent is to notify
the patient of known risks and benefits associated
with their participation in a clinical trial. The
reliability of the device could be viewed as a risk
factor the patient will need to consider. As such,
the reliability information that should be consid-
ered for inclusion in the consent form is as fol-
lows:

6.1.1. The device system should be understand-
abiy ‘described to the patient (implantable
component[s] and external component|s]
since the reliability information may vary if
the device is not completely implantable.
The type of information to consider in-
cludes the following:

a) Inform the patient which backup sys-
tems are in place (e.g, if the device
contains external components, those
components may be replaced for main-
tenance or repair under most condi-
tions).

Inform the patient that the relability

information provided generally related

to the implantable portion of the device
system.

b

Py

6.1.10.

6.2.

a bridge-to-cardiac transplant, the intent is
for the patient to complete their lives with
the device implanted, and that illness or
death experienced while on the device may
not be due to device failure.

Patients should be asked to cooperate in the
collection of data to assess the long-term
reliability of the device. If patients will need
to return to the hospital to collect these
data, that should be so stated and the meth-
ods for data collection should be described.
The Alternative Treatment Section of the
consent should indicate that there is a lim-
ited amount of data to indicate improve-
ment in heart function and recovery when a
ventricular assist device has been used, and
that removal of the device is an option.
PMA Reliability Reporting

PMA submission should document a system reli-
ability based on in vitro, in vive and clinical data to
support reliability claims in. the labeling. The
following information should be provided:

All in vitro, in vive, and clinical data reported by
category

6.1.9.

o The number of patients entered
o The number of patient-years

6.1.2. Information about the in vifro test results o FRACAS documentation as outlined in Section
{e.g., number of devices intended for clini- 131
cal use pumped on a simulated circulatory ¢ Failures should be grouped according to data
system for X years). source (i.e., inn vitro, in vivo, or clinical testing)
6.1.3. Information about the in vivo test results ¢ Device retrieval, as in 3.1.7
(e.g., number of animals implanted for X 6.3. Labeling of the Approved Device
months with the device intended for clinical The intent of the labeling for the device approved
use). via the Premarket Approval (PMA) process
6.1.4. Information about the institution’s clinical (which includes the Directions for Use and the
results to date, if available (e.g., number of manual detailing device operation) is to reflect the
units implanted, average and longest dura- results of all the information leamed during a
tion, number of device failures, and their clinical trial. That information includes in vifro,
impact on the patient). animal in vivo, and clinical reliability data of the
6.1.5. Length of time (e.g., months) currently ap- device. The information to be included in the

proved for use by the FDA. Note that all
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6.3.1. A statement of relative risk based on the
overall reliability as demonstrated by clini-

ASAJO-STS Long-Term Mechanical Circulatory
Support System Reliability Recommendation

6.3.2. Information about the clinical results, in-
cluding the following: Departn‘\ents of Surgery and Bioengineering
a) Number of clinically implanted units, University of Utah
b) Length of time implanted (i.e., total for
all units, average implant duration, and Members
longest duration), Alan S. Berson, PhD
c) Number and category of device faitures  Bioengineering Research Group
and their impact on device performarice, National Heart, Lung and Blood Institute
d) Frequency of device repair and/or re-  National Institutes of Health
placement, and
e) Any indication of impending device fail- E:l:\‘:::sli lz:;r;i‘if:ﬁ’u l:h}l?
ure in the patient implanted the longest. Departmg,nts of éurgeiy and Bioengineering
6.3.3. Information about in vitro reliability results, Artificial Heart and Lung Program
to include the following: 8 &
a) The number of systems Ken C. Butler, MS
b) Test time (years) Nimbus, Incorporated
¢) Cumulative test time (years) Glenn Byrd, MD
d) Reliability statistics Division of éardiovascular Respirat dN logical
\ " . . , Respiratory and Neurologica
e) Number of catastrophic and critical fail- Devices
ures . . .
f) If the units are continuing on test at the Slfg.cgoo; dD:;:;%E:;lA:Z:;istration
time of device approval, that information /
should be so stated. O. Howard Frazier, MD
6.3.4. Information about the animal results, in-  Division of Cardiovascular Surgery
cluding the following: Section of Cardiac Transplantation
a) Number of animal units implanted, Texas Heart Institute
b) Length of time implanted (i.e., total for Bartley P. Griffith, MD
all units, aveljage implant duration, and Division of Cardiothoracic Surgery
longest duration), Department of Surgery
¢) Number of device failures, and their University of Pittsburgh
impact on device performance,
d) Frequency of device repair and/or re-  David W. Hoeppner
placement. Department of Mechanical Engineering
6.3.5. A statement whether device repair and/or University of Utah
replacement is possible, under what condi-  y5 5. Jassawalla, MSME, MBA
tions other than device failure it will be Novacor Division
considered (e.g,, clinical or engineering end  Baxter Healthcare Corporation
of life} and the anticipated frequency. Pa-
tients should be informed that external R‘?bAe‘:t L. Kormo.s, MD ]
components may only require maintenance Division of Cardiothoracic Surgery
and repair, whereas surgical intervention  Department of Surgery
will probably be required when internal University of Pittsburgh
components fail. Further, patients should be Robert T. V. Kung, PhD
informed that episodes of component mal-  ABIOMED, Incorporated
function may occur which may not require .
intervention. Jeffrey P. Lewis .
6.3.6. A statement that cardiac transplantation ARROW International Incorporated

cal, in vitro, and in vivo test results, (i.e, X
probability of device being free of cata-
strophic and critical failures (refer to Sec-
tion 1.2.2 for failure definitions) at a speci-
fied duration of use).

may not be an option, thus, the patient may
complete their lives with the device and that
the cause of death or any illness may or may
not be due to failuie of the device.
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